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CD53 CELL SURFACE ANTIGEN AND USE THEREOF 

This is a continuation-in-part of copending U.S. 
Patent Application Serial Number 498,809, filed March 23, 
1990, which is a continuation-in-part of copending U.S. 
Serial Number 379,076, filed July 13, 1989, which is a 
continuation-in-part of copending U.S. Serial Number 
160,416, filed February 25, 1988. 

Background 



A basic tool in the field of recombinemt genetics is 
the conversion of poly (A)* nRNA to double-stranded (ds) 
CDMA, ^ich then can be inserted into a cloning vector and 
expressed in an appropriate host cell. Molecular cloning 
methods for ds cDNA have been ireviewed, for exaa^le, by 
15 Williams, "The Preparation and Screening of a cI»TA Clone 
Bank," in Williamson, ed. , Genetic Engineering . Vol. 1, p. 
2, Academic Press, New York (1981); Maniatis, "Recombinant 
UNA", in Prescott, ed., Cell Biology. Academic Press, New 
York (1980) ; and Efstratiadis et al. . "Cloning of Double- 
20 Stranded DNA," in Stele et_ai^. Genetic Engineering, vol. 
1, p. 15, Plenum Press, New York (1979). 
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A substantial number of variables affect the sue- 
cessful cloning of a particular gene and cDNA cloning 
strategy thus must be chosen with care. A method common to 
many cDNA cloning strategies involves the construction of 
5 a "CDNA library" which is a collection of cDNA clones 
derived from the total poly (A)* mRNA derived from a cell of 
the organic of interest. 

A mammalian cell may contain up to 30,000 different 
mRNA sequences, and the number of clones require to obtain 

10 low-abundanoe mXiNAs, for exaii^le, may be madh greater. 
Methods of constructing genomic eukaryotic DNA libraries in 
different expression vectors, including bacteriophage 
lambda, cosmids, and viral vectors, are known. Some 
commonly used methods are described, for example, in 

15 Maniatis et al. . Molecular Clonin gs ^ ^AboyatiQirv Manual, 
Cold Spring Harbor Laboratory, publisher. Cold Spring 
Harbor, New York (1982). 

Once a genomic cI»iA library has been constructed, it 
is necessary to isolate from the thousands of host cells 

20 the cell containing the particular humem gene of interest. 
Many different methods of isolating taurget genes from cMJA 
libraries have been utilized, with varying success. These 
include, for example, the use of nucleic acid probes, which 
are labeled niRNA fragments having nucleic acid sequences 

25 con^lementeory to the DNA sequence of the target gene. When 
this method is applied to cDNA clones of abundant niRNAs in 
transformed bacterial hosts, colonies hybridizing strongly 
to the probe are likely to contain the tearget DNA 
sequences. The identity of the clone then may be proven, 

30 for example, by in situ hybridization/selection (Goldberg 
et al. . Methods Enzvmol.. 6a:206 (1979)) hybrid-arrested 
translation (Paterson et al , , Proceedin gs of the National 
Academv of Sciences . 14:4370 (1977)), or direct DNA 
sequencing (Maxam and Gilbert, Proceedi ngs of the National 
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Academy of Sciences, 74.: 560 (1977); Naat and Smith, Nucleic 
hcj^s Reg,, £:4537 (1978)). 

Such methods, however, have major drawbacks when the 
object is to clone mRNAs of relatively low abundance from 
5 cDNA libraries. For example, using direct in situ colony 
hybridization, it is very difficult to detect clones 
containing cDNA complementary to mRNA species present in 
the initial library population at less than one part in 
200. As a result, various methods for cmriching mRHA in 

10 the total poptaation (e.g. size fractionation, use of 
synthetic oligodeoxynucleotides , differential 
hybridization, or immunopurification) have been developed 
and are often used when low abundance mRNAs are cloned. 
Such methods are described, for example, in Naniatis st 

15 al^. Molecular cloning; A Laboratory Manual, s!3BI^- 

Many functional eukaryotic proteins initieaiy exist in 
the form of precursor molecules which contain leader or 
signal sequences at their N-terminal ends. These leader 
sequences bind to the cell membrane and draw the remainder 

20 of the protein through the lipid bilayer, after which the 
signal sequence is cleaved from the protein by a signal 
peptidase enzyme. The protein thus functions only after 
secretion from the cells (for example, insulin, serum 
albumin, antibodies, and digestive tract enzymes) , or after 

25 the proteins have been anchored to the outer surface of a 
cell membrane (for example, histoco8q>atibility antigens) • 

The cell surface smtigens characteristic of mEUsmalian 
T lymphocytes are additional examples of proteins that 
emchor to the cell surface. In mammals, certain cells 
30 derived from bone marrow mature into lymphocytes, which eure 
present in the lymphoid organs, including the thymus, 
spleen, lymph nodes, and lymphoid aggregates, and also 
circulate actively through the blood and lymph systems. 
Mature lymphocyte cells may be divided into two 
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populations f thymus-'dependeh't (T) lymphocytes and thynnis- 
independent (B) lymphocyt s. T lymphocytes migrate to the 
interior of tlie thymus, where they undergo differentiative 
proliferation. Duiring their differentiation process, they 
5 e3cpress characteristic cell surface membrane alloantigens, 
including Thy-l, TIA, gv-1, Ly-l, Ly-2, Ly-3, and Ly-5. As 
they mature^ T lyii^>hocytes lose the TIA antigens and some 
of the Thy-1 antigens, €md gain histocompatibility 
cuitigehs, abguiring the membrane conformation typical of 
10 the recirculating T lyn^hocytes. This is described, for 
example, by Mota, "Activity of iBmiune Cells," in Bier et 
al, . eds, . Fundamentals of Immunology . 2d Ed., Springer- 
Verlag, Berlin, pp. 35-62 (1986) . 

T lypqohbcytes are involved indirectly in the formation 
15 of antibodiies and their activities thus have required 
co]q)lex analysis of cell function, rather than single 
antibody titer measurement. Partly due to this, their 
importance in development of immunologic competence was not 
recognized uiitil relatively recently. Mature T lymphocytes 
20 synthesize and express an unique pattern of surface 
glycoprotein antigens which serve as markers for 
identificat^n of different T lymphocyte subpopulations, 
including helper cells, T suppressor cells, and T 
cytotoxic cells. Bach of these subpopulations plays a very 
25 important role in regulating the immune system. (Mota, 
supra 1 . 

In humaois, the functional and phenotypic heterogeneity 
of T lymphocytes is well accepted. Two major subpop- 
ulations are known: effector T cells mediating cellular 

30 immunity; cind regulator T cells containing helper and 
suppressor T lymphocytes. These two subpopulations have 
been defin^ with heteroantisera, autoemtibodies , and 
monoclonal antibodies directed at cell surface aintigens. 
For example, earlier in their development, humem lymphoid 

35 cells in the thymus express an antigen designated Til which 
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r acts strongly to a monoclonal antibody designated Cluster 
of Differentiation 2 (CD2) , emd react slightly with 
m nocl nal antibody CDS to c 11 surface antig n Tl. During 
maturation, these cells lose Til (CD2) and acquire three 
5 new antigens defined by monoclonal antibodies CD4, CD8, and 
CDl. With further maturation, the thymocytes cease to 
express cell surface antigens reactive with monoclonal 
antibody CDl, express the T3 antigen reactive with 
monoclonal antibody CD3, and then segregate into two 

10 subpopulations which express either T4 (CD4) or T8 (CDS) 
antigen. Immunologic competence is acquired at this stage, 
but is not coa^letely developed until thymic lynphocytes 
migrate outside the thymus. (Mota, supra . ) In contrast 
with the majority of thymocytes, circulating T lymphocytes 

15 express the Tl (CDS) and T3 (CD3) antigens. The T4 (CD4) 
antigen is present on approximately 5S-65% of peripheral T 
lymphocytes, whereas the T8 (CD8) antigen is expressed on 
20-30%. These two subpopulations correspond to helper and 
to suppressor and cytotoxic T cells, respectively. 

20 In addition to providing a convenient means of 

distinguishing T lymphocyte subpopulations, these cell 
surface antigens are important for mature T cell activation 
and effector function. T cell activation involves a 
complex series of cell surface interactions between the T 

25 cell and the target cell or stimulator cell in addition to 
binding of the T cell receptor to its specific antigen. 

For example, CD2, the human T cell erythrocyte 
receptor, allows thymocytes and T-lymphocytes to adhere to 
target cells (e.g., erythrocytes) and to thymic epithelium. 

30 This occurs via a specific molecular ligeuid for CD2, 
designated IiFA*3, in humans, which is a widely distributed 
surface antigen. This phenomenon has long been employed to 
detect, assay and purify human cells producing antibodies 
to sheep erythrocytes and serves as the basis for the 

35 rosette test, first described by Zaalberg, Nature 202 !l23l 
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(1964). CD2/LFA-3 interactions also have been shown to 
mediate cytolytic target conjugation (Shaw et al. , N^t;upe 
313:262-264 (1986), and the mixed lymphocyte reaction 

(Martin et al. . J, Immuno l. 131:180-185 (1983). Anti-CD2 
5 monoclonal antibodies can directly activate peripheral T- 
lymphocytes via an antigen- independent pathway (Meuer gt 
al, , Cell 16:897-906 (1984)), indicating an even wider 
immunoregulatory role for CD2. 

Recognition that T lymphocytes are the main effectors 

10 of cell-mediated immunity and also are involved as helper 
or suppressor cells in modulating the immune response has 
resulted in a significant contribution to the increasing 
practical application of clinical immunology to medicine. 
The scope of this application includes defense against 

15 infections, prevention of diseases by immunization, organ 
transplantation, blood banking, and treatment of 
deficiencies of the immune system and a variety of 
disorders that eure mediated by immunologic mechanisms. 
Moreover, immunologic techniques frequently are used in the 

20 clinical laJ^ratory, as in the measurement of hormones and 
drugs. Clinical dLmmimology is described, for example, in 
Weir, ed. , Handbook of Exper imental Immunoloav in Four 
Volumes; Volume 4; Applications of Immunological Methods 
in Biomedical Sciences , 4th Ed. , Blackwell Scientific 

25 Publications, Oxford (1986); Boguslaski et al. > eds.. 

Clinical X^p^p ocfaejaistry: Principle s of Methods and 

Applications . Little, Brown & Co., Boston (1984); Holborow 
et al . , ed&. , Immunology in Medicine: A Comprehensive 
Guide to Clinical Immunoloav . 2d Ed., Grune & Stratton, 

30 London (1983); and Petersdorf et al, , eds., Harrison's 
Principles of Internal Medicine. 10th ed. , McGraw-Hill, New 
York, publisher, pp. 344-391 (1983) . Clearly, a more 
thorough understanding of the proteins which mediate the 
immune system would be of significant value in clinical 

35 immunol gy. 
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Use of mamnalian expression libraries to isolate cNIAs 
encoding manMalizm proteins such as those described above 
would offer several advantages. For example, the protein 
expressed in a maannalian host cell should be functional and 
5 should undergo any normal posttranslational modification. 
A protein ordinarily transported through the intracellular 
meinbrane system to the cell surface should undergo the 
complete transport process. A mammalian escpression system 
also would allow the study of intracellular transport 
10 mechanisms and of the mechanism that insert and anchor cell 
surface proteins to membranes. 

One common mammalian host cell, called a "COS" cell, 
is formed by infecting monkey kidney cells with a mutant 
viral vector, designated simian virus strain 40 (SV40) , 

15 which has functional early and late genes, but lacks a 
functional origin of r^lication. In COS cells, any 
foreign IXHA cloned on a vector containing the SV40 origin 
of replication will replicate because SV40 T antigen is 
present in COS cells. The foreign ONA will replicate 

20 transiently, independently of the cellular UNA. 

With the exertion of some recent lya^okine cDNAs 
isolated by expression in COS cells (Wong, G.G., et al. . 
fifiifinsse 224:810-815 (1985); Lee, F. ft Proeeftdina^ nf 

the National Academv of Selftnces. nsA R'?^yt^t^^-^>ntiK (1986); 

25 Yokota, T., gt_al^. Proceedings of the Na tional AeadAwy 

5sifinSS£._IZS& fi2: 5894-5898 (1986); Yang, Y. , et al. . Cell 
12:3-10 (1986)), however, few cONAs in general are isolated 
from mammalian expression libraries. There appear to be 
two principal reasons for this: First, the existing 

30 technology (Okayama, H. et al,, Mol. Cell. B<ni. 2:161-170 
(1982)) for construction of large plasmid libraries is 
difficult to master, and library size rarely approaches 
that accessible by phage cloning techniques. (Huynh, T. £t 



aLs.' Xn; PNA cloning vol. T. a Practi c al Approach . Glover, 
D.M. (ed.), IRL Press, Oxford (1985), pp. 49-78). Second, 
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the existing vectoxrs are r with one exception (Wong, G.G.^ 
et al. , Scjknce 228;810-815 (1985)), poorly adapted for 
high level y;e3qoression, particularly in COS cells. The 
reported successes with lymphokine cDNAs do not i3i4)ly a 
5 general fitness of the methods used, since these cDNAs are 
pEirticularly easy to isolate from ejcpression libraries. 
Lymphokine bioassays are very sensitive ((Wong, G.G., fit 

al, , science 228; 810-815 (1985); Lee, F. g£ al^, 

PiroGeedinas- of th e National Academy of Sciences r — USA 

10 83:2061-206$ (1986); Yokota;, T. et al,. ^oc^adinqp gf the 
national Academy of sciences. USA 8315894-5898 (1986); 
Yang, Y. et al/ , £ell 42:3-10 (1986)) and the mRNAs are 
typically both abundant and short (Wong, G.G. et 
science 228 s810-815 (1985); Lee, F., et al,. fypgeedipqs of 

15 the National Academy Sciences. USA 83; 2061-2065 (1986); 
Yokota, T./^t al,. Proceed ings of the National Academy o£ 
sciences. USA 81:5894-5898 (1986); Yang, Y., Sjfcjiaur fifili 
42:3-10 (1986)) . 

Thus, expression in manmalian hosts previously has 
20 been most frequently employed solely as a meauis of 
verifying the identity of the protein encoded by a gene 
isolated by more traditional cloning methods. For example, 
Stuve et aiv , J, Virol > £1121:327-335 (1987), cloned the 
gene for glycoprotein gB2 of herpes simplex type II strain 
25 333 by plague hybridization of M13-based recombinant phage 
vectors used to transform coapetent E, coli JMIOI. The 
identity of the protein encoded by the clone thus isolated 
was verified by trans fection of mammalian C50S emd Chinese 
hamster ovary (CHO) cells. Expression was demonstrated by 
30 immunofluorescence amd radioimmunoprecipitation. 

Oshiina et al. used plaque hybridization to screen a 
phage lambda gtll cDNA library for the gene encoding human 
placental beta-glucuronidase. Oshima et al> . Proceedings 
of the National Academy of Sciences, U.S.A. 84:685-689 
35 (1987) . The identity of isolated cDNA clones was verified 
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by inaniinoprecipitation of the protein expressed by COS-7 
cells transfected with cloned inserts using the SY40 late 
promot r. 

Transient expression in msunmalian cells has been 
5 employed as a neans of confirming the identity of genes 
previously isolated by other screening methods. Gerald et 

aLt-f JgWynal S£ General Viroloav ^:2695-2703(1986) • 

Mackenzie, Journal of Biological Chemistry acisiAiia^i An7 
(1986); Self et al,. Sgllfi Al:llll-1121 (1986); OrXin fit 

10 al^i WQlecular and Cellular Bloiociv 5rAW762-7fi7 (iqhr). 
These methods often are inefficient and tedious and require 
multiple rounds of screening to identify full-length or 
overlapping clones. Prior screening methods based upon 
expression of fusion proteins are inefficient and require 

15 large quantities of monoclonal antibodies. Such drawbacks 
are compounded by use of inefficient expression vectors, 
which result in protein expression levels that are 
inadequate to enable efficient selection. 

Summary of the Tny^^^tAffn 

20 The present invention relates to a powerful new method 

for cloning cDKA encoding cell surface antigens, to a 
method of constructing cDNA libraries to high efficiency 
expression vectors particularly suited for high level 
e3q>ression in eukaryotic host cells, and to the isolated 

25 nucleotide sequences and their encoded products. 

The highly efficient cloning technique of the present 
invention is based upon transient expression of antigen in 
eukaryotic cells and physical selection of cells expressing 
the antigen by adhesion to an antibody-coated substrate, 
30 such as a culture dish. The methods of the present 
invention are useful for the isolation and molecular 
cloning of any protein which can be expressed and 
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txansported to thB cell surface membrane of a eulcaryotic 
cell. 

The method for cloning cDNA encoding a cell sxirf ace 
antigen of the present invention coiqprises preparing a cDNA 
5 library; introducing this cDNA library into eukaryotic 
mammalian preferably tissue culture cells; culturing these 
cells under conditions allowing expression of the cell 
surface antigen; exposing the cells to a first antibody or 
antibodies directed against the cell surface antigen, 

10 thereby allowing the formation of a ceil surface emtigen- 
first antibody complex; subsequently exposing the cells to 
a substrate coated with a second antibody directed against 
the first antibody, thereby causing cells expressing the 
cell surface antigen to adhere to the substrate via the 

15 formation of a cell surface antigen-first amtibody-second 
antibody complex; and sepaurating adherent from non-adherent 
cells. 

By means of the cloning method of the present 
invention, isolation and molecular cloning of genes 

20 encoding sudi cell surface antigens as the following have 
been accon¥>lished: the CDla, CDlb, CDlc, CD2, CD6, CD7, 
CD13, CD14, CD16, CD19, CD20, CD22, CD26, CD27, CD28, CD31, 
CDw32a, CDW32b, CD33, CD34, CD36, CD37, CD38, CD39, CD40, 
CD43, CD44, CD53, IGAM, LFA-3, FcRIa, FcRlb, TLiSa, and 

25 Leu8 antigens. The nucleotide sequences of genes cloned by 
the method of the present invention have been determined 
and the amino acid sequences of the encoded proteins have 
been identified. A cloned gene, such as that encoding 
CDla, CDlb, CDlc, CD2, CD6, CD7, CD13, CD14, CD16, CD19, 

30 CD20, CD22, CD26, CD27, CD28, CD31, CDw32a, CDw32b, CD33, 
CD34, CD36, CD37, CD38, CD39, CD40, CD43, CD44, CD53, XCAM, 
LFA-3, FcRIa, FcRIb, TLiSa, and Leu8, is also the subject 
of the preset invention. 
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Once the gene encoding an antigen has been cloned 
according to the method of the present invention, that gene 
can be expressed in a prokaryotic or a eukaryotic host cell 
to produce the encoded protein or portion thereof in 
5 substantially pure form such as it does not exist in 
nature. Another aspect of the present invention relates to 
substantially pure cell surface antigens, particularly: 
CDla, CDlb, CDlc, CD2, CDS, CD7 , CD13, CD14, CD16, CD19, 
CD20, CD22, CD26, CD27, CD28, CD31, CDv32a, CDl/32b, CD33, 

10 CD34, CD36, CD37, CD38, CD39, CD40, CD43, CD44, CD53, ICSM, 
LFA-3, FcRia, FcRIb, TLiSa, and Leu8 antigens and their 
functional analogues and equivalents* The primary amino 
acid sequences of the CDla, CDlb, CD2, CD7, CD14, CD16, 
CD19, CD20, CD22, CD27, CD28, CDv32a, CDw32b, CD33, CD34, 

15 CD40, CD44, CD53 , ICAM, LFA-3, FcRla, FcRIb, TLiSa and Leu8 
antigens have been determined. The invention thus also 
relates to the amino acid sequences of those antigens and 
their functional equivalents and to the nucleotide 
sequences encoding those antigens. 

20 This invention also relates to high efficiency cDNA 

expression vectors which allow the generation of very large 
mammalian expression libraries and yield large amounts of 
protein in mammalian host cells, resulting in efficient 
selection. In a particular embodiment of this invention, 

25 a cmA expression vector comprises a suppressor tRNA gene; 
an SV40 origin; a synthetic transcription unit, cos^rising 
a chimeric promoter composed of human cytomegalovirus AD169 
immediate early enhancer sequencer fused to the HIV LTR -60 
to +80 sequences, inserted between the suppressor tRNA gene 

30 and the SV40 origin; a polyl inker conqprising two Bstx i 
sites separated by a replaceable DNA sequence and flanked 
by ]SssX sites; and an SV40 small antigen splice and early 
region polyadenylation signals. 

A further aspect of the present invention comprises a 
35 synthetic transcription unit f r use in a cDNA expression 
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vector/ con4)rising a chimeric promoter con^osed f hiiman 
cytomegalovirus AD169 immediate early enhancer sequences 
fused to HIV LTR --60 to +80 sequences. The small size and 
particular arrangement of the sequences of the cDNA 
5 expression vector of the present invention allow highly 
efficient ireplication in host mammalian tissue culture 
cells, such as COS cells. Moreover, this vector «nploys a 
polylinker containing two inverted fiStXI sites separated by 
a short replaceable DRA segment, \rhich allovs the use of 
10 very efficient oligonucleotide-based cMIA insertion 
strategy. 

In another aspect, the present invention comprises a 
vector comprising two identical figtXI sites in inverted 
orientation each with respect to the other, which SStXX 
15 sitos are separated by a short replaceable DNA fragment. 
Another aspect of the invention is a polylinker as 
described above. 

A further aspect of the invention relates to an 
oligonucleotiderbased cDNA insertion method, comprising 

20 ligating ^nthetic DMA oligonucleotides to the cDNA segment 
desired to be inserted into a vector, the synthetic MfA 
oligonucleotides giving the same terminal sequences as 
those of the short replaceable MIA fragment of the 
polylinlcer of the invention, and inserting the resulting 

25 cDNA segment plus synthetic MIA oligonucleotide terminal 
sequences into the polylinlcer of the vector, from iirtiich the 
short replaceable MIA fragment previously has been removed. 

In preparing cMIA libraries according to the present 
invention, it has been discovered that meuiy timors are 
30 heavily infiltrated by macrophages and lymphocytes, and 
thus may be employed as a source of macrophage or lympho- 
cyte transcripts to good effect, instead of tumor cell 
lines commoijily used. In another aspect, then, the present 
invention relates to the use of tximor cells, particularly 
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hxanan tumor cells, to prepare cDNA libraries for us 
according to the methods of the present invention. 



Another advantage of the powerful selection system of 
the present invention is that directional insertion of the 
5 cDNA is not necessary. The method of the present invention 
results in library construction efficiencies which are on 
a par with those described for phage vectors such as lambda 
gtlO and lambda gtll^ with the additional advantage that 
clones generated according to the methods of the present 
10 invention are easier to manipulate. 

The immunoselection technic[ue of the present invention 
allows efficient use of antibodies, irtiich may be monoclonal 
or polyclonal, in relatively small edssolute amounts. The 
method of the present invention also is quite rapid. 

15 Generally, three or fewer cycles of immunoselection and 
rescue are required to isolate a target cDNA clone. Thus, 
the method of the present invention also results in the 
efficient use of labor and materials lAen cloning genes 
encoding cell surface antigens. As described above, this 

20 method has been employed to successfully clone genes 
encoding cell surface zmtigens associated with mammalian T 
lymphocytes (e.g. antigens CDla, CDlb, CDlc, CD2, CD6, CD7, 
CD13, CD14, CD16, CD19, CD20, CD22, CD26, CD27, CD28, CD31, 
CDw32a, CDw32b, CD33, CD34, CD36, CD37, CD38, CD39, CD40, 

25 CD43, CD44, CD53, ICAM, LFA-3, PcRIa, FcRIb, TLiSa, and 
LeuS) • 



The pxirified genes and proteins of the present 
invention are useful for immunodiagnostic and immune* 
therapeutic applications, including the diagnosis and 
treatment of immune-mediated infections, diseases, and 
disorders in emimals, including humans. They can also be 
used to identify, isolate and purify other antibodies and 
antigens. Such diagnostic and therapeutic uses comprise 
yet another aspect of the present invention. Moreover, the 
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siibs1:antlally pure proteins of the present invention may be 
prepared as medicaments or pharmaceutical compositions for 
therapeutic administration. The present invention further 
relates to isuch medicaments and coiqpositions. 

5 Brief Desc ription of the Drawings 

Figure 1. Nucleotide sequence of expression vector 

- EiH3 : 

Nucleotides 1-589 are derived from pKBl origin (pBR322 
ori) ; nucleotides 590-597 are derived from the SacII linker 

10 (ACCGCST) ; nucleotides 598-799 are derived from the 
synthetic tyrosine suppressor tRNA gene (supF gene); 
nucleotides 800-947 are derived from a remnamt of the ASV 
LTR fragment (PvuII to MIul) ; nucleotides 948-1500 are 
derived trcm the human cytomegalovirus AD169 enhzmcer; 

15 nucleotides 1501-1650 are derived from HIV TATA and tat- 
responsive elements; nucleotides 1651-1716 are derived from 
the plUIXAN polylinJcer (linfllll to 2ba) ; nucleotides 1717- 
2569 are derived from pSV to splice and poly-Addition 
signals; nucleotides 2570-2917 are derived from the SV40 

20 origin of replication fpvull to (HiOffCII) ? and nucleotides 
2918-2922 are derived from piVX, remnant of Rl site from 
polylinker. 

Figure 2. Nucleotide sequenc e of the CD2cDNA insert 

Nucleotide nximbering is given in parentheses at right, 
25 amino acid numbering, left. Locations of the potential 
sites for addition of asparagine-1 inked carbohydrate (CHO) 
are shown, as well as the predicted transmembrane (TM) 
sequence. The amino acid sequence is numbered from the 
projected cleavage site of the secretory signal sequence. 
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Figure 3. Restriction nap of the CDM8 expression 
Yggtor 

The CDM8 vector includes a deleted version of a mutant 
polyoma virus early region selected for high efficiency 
5 expression in both murine and monkey cells. Substantially 
all of the human immunodeficiency promoter region has been 
replaced with the cognate secpiences of the human 
cytomegalovirus immediate early promoter, and by inclusion 
of a bacteriophage T7 promoter between the eukaryotic 
10 promoter and the site of cDNA insertion. Arrows indicate 
the direction of transcription. 

Figure 4. Nucleotide secpience and corresponding eunino 
acid sequence of the LFA-3 antigen 

WOP cells transfected with a clone encoding the LFA-3 
15 antigen were detected by indirect immunofluorescence, 
amplified and sequenced. (A) shows the 874 base pair 
insert containing an open reading frame of 237 residues 
originating at a methionine codon, and terminating in a 
series of hydrophobic residues. Hydrophobic and 

20 hydrophilic regions within this open reading frame are 
shown in (B) . 

Figure 5. ^ggtrigtlPn Map gf thg PiH?M Y^gtQr 

The direction of transcription is indicated by an 
arrow. Restriction endonuclease sites flanking the Bstx i 
cloning sites are shown. 

Figure Nucleotide sequence of the piH3M vector 

There are 7 segments. Residues 1-587 are from the 
pBR322 origin of replication, 588-1182 from the M13 origin, 
1183-1384 from the supF gene, 1385-2238 are from the 
chimeric cytomegalovirus/human immunodeficiency vixrus 
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promoter ic 2239-2647 are from the replace2d3le fragment, 
2648-3547 ftom plasmld pSV2 (splice and polyadenylation 
signals) , and 3548-3900 from the SV40 virus origin. 

Figure 7 • Nucleotide sequence of th e CD28 cDNA 

5 Nucleotide numbering is given in parentheses at right, 

amino acid if^uaibering, center and left* Location of the 
potential sites for addition of asparagine-^linked 
carbohydrate (CHO) are shown, as well as the predicted 
transm^nbrane (TH) sequence. The amino acid secpience is 
10 numbered from the projected cleavage site of the secretory 
signal sequence. 

Figure 8. Nucleotide secmence of the CD7 cDNA insert 

Nucleotide numbering is given in parentheses at right. 
Splice donor and acceptor sites indicated by (/) . The 

15 location of the potential sites for addition of asparagine- 
linked carbbibydrate (CHO) are shown, the potential fatty 
acid esterif ication site is denoted (*) , and the predicted 
transmembrane domain (TM) is underlined. Nucleotide 
sequences pidtentially involved in hairpin formation are 

20 denoted by (•). The presumed polyadenylation signal is 
underlined. 

Figured. Nucleotide sequence of the CDw32 cDNA 

Nucleotide number is given in the parenthesis at 
right, amino acid numbering, center and left. Locations of 

25 the potential sites for addition of asparagine-linked 
carbohydrate (CHO) are shown, as well as the predicted 
transmembrane (TH) sequence. The amino acid sequence is 
numbered frdn the projected cleavage site of the secretory 
signal sequence. Cysteine residues are underscored with 

30 asterisks. 

Figure 10. Sequence of the CD20.4 cDNA 
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A. The sites of potential N-linked glycosylation are 
denoted by the symbol -CHO-; the hydrophobic regions are 
underscored. The site of the poly (A)* tail in clone CD20.6 
is denoted by an asterisk. 

5 B. Hydrophobicity profile of the amino acid sequence 

in A. 

rigure ll. sequence of tcam-i 

Complete nucleotide sequence of ICAN-1 cDKh insert and 
predicted protein sequence. Nucleotide numbering is at 

10 left, amino acid numbering, center. The RGB motif at 
position 128 is underlined, the potential N-linked 
glycosylation sites are indicated by -CHO- and the 
transmembrane domain by -TH-. The amino acid sequence is 
numbered from the projected cleavage site of the signal 

15 peptide. Sequencing was by dideoxy-chain termination 
(Sanger, P., al.. Proc. Natl. Acad, Sel. nsA 21:5463- 
5467 (1977)}, using a combination of subclones, and 
specific oligonucleotides. 

Figure 12. Nucleotide secnienee of CD19 

20 Figure 13. Nucleotide sequenc e of CD2Q 

Figure 15. Nucleotide sequen ce of gDw32a 

Figure 16. Nucleotide sequen ce of CDw32b 



Figure 17 



Nucleotide sequen ce of CD4Q 
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^^•■ailed D escrtptibr of «ie Invention 

This invention relates to a nov 1 m thod for cloning 
cDNA encoding a cell surface antigen and to a method of 
constructing cDNA libraries. It also relates to particular 
5 CDNA expression vectors and components thereof, nucleotide 
sequences or genes isolated by the method, substantially 
pure cell surface antigens encoded by the cDHA segments, 
and methods of using the isolated nucleotide sequences and 
encoded ptroducts. 

10 In the following description, reference will be made 

to various methodologies known to those of sJcill in the art 
of recombinant genetics. Publications and other materials 
setting forth such known methodologies to which reference 
is made are incorporated herein by reference in their 

15 entireties. standard reference works setting forth the 
general principles of recombinant IWA technology include 
Darnell, J,t. et al.. HoKlCTlftr gftU BiglgqY> Scientific 
American Bpo^, Inc., publisher. Hew York, H.Y. (1986); 
Lewin, B.K., Genes II . John Wiley & Sons, publisher. New 

20 York, N.Y. (1985); Old, R.w. gSL_ala.# Principl^g 

Mantpulatlent An Tnti-cidttet l to Genetic Bnaineerlnq , 2d 
edition. University of California Press, Berkeley, CA 

(1981); and Maniatis, T. et al. . MoleCM^Ar C^pninq; h 

y-ahoi-atoi-v Manual . Cold Spring Harbor, NY (1982). 

25 By "cloning" is meant the use of in vAtyo recom^ 

bination techniques to insert a particular gene or other 
IXiA sequence into a vector molecule. In order to suc- 
cessfully clone a desired gene, it is necessary to en^loy 
methods for generating DNA fragments, for joining the 

30 fragments to vector molecules, for introducing the 
coiQ>o8ite DJJA molecule into a host cell in which it can 
replicate, and for selecting the clone having the target 
gene from amongst the recipient host cells. 
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By "cDNA" is meant complementary or copy DNA produced 
from an RNA template by the action of RNA-d pendent DNA 
polymerase (reverse transcriptase) . Thus a "cDNA clon " 
means a duplex DNA sequence co]Q>lementary to an HNA 
5 molecule of interest, carried in a cloning vector. 

By "cDNA library" is meant a collection of recombinant 
DNA molecules containing cDNA inserts which together 
comprise the entire genome of an organism. Such a cDNA 
library may be prepared by art-recognized methods 

10 described, for example, in Maniatis et al, . Molecular 

ClOTinq; a Laboratory Manual. sSSaJX^ Generally, SNA is 

first isolated from the cells of an organism from whose 
genome it is desired to clone a particular gene. Preferred 
for the purposes of the present invention are mammal iem, 

15 and particularly human, cell lines. More preferred are the 
hiiman tumor cell line HPB-ALL and the huncm lyi^hoblastoid 
cell line JY. Alternatively, RNA can be isolated from a 
tumor cell, derived from an animal tumor, and preferably 
from a human tumor. Thus, a library may be prepared from, 

20 for exeunple, a human adrenal tumor, but any tumor may be 
used. 

The immujioselection cloning miethod of the present 
invention comprises the preparation of a cDNA library by 
extracting total RNA including a particular gene from a 

25 cell, synthesizing a series of complementary double- 
stranded CDNA fragments from the RNA and introducing these 
CDNA fragments into mammalian cells in tissue culture. The 
mammalian cells arB maintained under conditions which allow 
them to eaq)ress the protein (i.e. the cell surface 

30 antigen) . The resulting cells are exposed to a first 
antibody or pool (group) of antibodies directed against the 
cell surface antigen. This results in formation of a cell 
surface antigen-first antibody complex. The complexes are 
exposed to a substrate to which is coated or bound a second 

35 antibody directed against the first antibody. Cells 
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expressing tlie cell surface an-bigen adhere to the substrate 
(because of l f ornatlon of a cell surface antigen-first 
antibody-second antibody complex) . Adherent cells are 
separated frmn non-adherent cells. 



5 Taolation of total RNA 

The guanidiuia thiocyanate/CsCl method of isolating 
total RMA is preferred. More preferred is a guanidium 
thiocyanate/LiCl variant of the GuSCN/CsCl method, ^ich 
has added ca.pacity axul speed. Briefly, for each ml of mix 

10 desire^. O.S^g GuSCN are dissolved in 0.58 ml of 25% LiCl 
(stock filtered through 0.45 micron filter) and 20 ul of 
mercaptoethanol is added. Cells are spun out and the 
pellet is dispersed on walls by flicking, add 1 ml of 
solution to up to 5 X 10^ cells. The resulting combination 

15 is sheared by polytron until nonviscous. For small scale 
preps (less t^han Ip" cells) layer 2 ml of sheared mix on 1.5 
ml of 5.7M CsCl (RNase free; 1.26g CsCl added to every ml 
10 idf EDIA pfi 8), overlay with RNase-free water and spin 
Sir55 50k rpm 2h. For large scale preps, layer 25 ml on 12 

20 ml CsCl in a SW28 tube, overlay, and spin 24k rpm 8h. 
Aspirate contents carefully with a sterile pasteur pipet 
connected to a vacuium flask. Once past the CsCl interface, 
scratch a band around the tube with the pipet tip to 
prevent the layer on the %^1 of the tube from creeping 

25 down. The remaining CsCl solution is aspirated. The 
pellets are taken up in water (do not try to redissolve) . 
1/10 vol. NaOAc and 3 vol. EtOH are added and the resulting 
combination is spun. If necessary, the pellet is 
resuspended in water (e.g., at 70*). Adjust concentration 

30 to 1 mg/ml and freeze. Small RNA (e.g. 5S) does not come 
down. For smiall amounts of cells, scale down volumes and 
overlay GuSCN with RNase-free water on gradient 
(precipitation is inefficient when RNA is dilute). 
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Preparation of polv rma 

Next, polyA* RNA may be pr pared, preferably by th 
oligo dT selection method. Briefly, a disposable 
polypropylene column is prepared by washing with 5M NaOH 
5 and then rinsing with RNase-free water. For each milligram 
total RNA about 0.3 ml (final packed bed) oligo dT 
cellulose is used. Oligo dT cellulose is prepared by 
resuspending about 0.5 ml of dry powder in 1 ml of O.IM 
NaOH and transferring it into the column, or by percolating 

10 0.1 NaOH through a previously used column (columns can be 
reused many times) . This is washed with several column 
volumes of RNase-free water, until pH is neutral, and 
rinsed with 2-3 ml of loading buffer. The column bed is 
then removed into a sterile 15 ml tube using 4-6 ml of 

15 loading buffer. The total RNA to 70 *€ for 2-3 min. , LiCl" 
from RNase-free stock is added (to 0.5M) , and combined with 
oligo dT cellulose in a 15 ml tube. This is followed by 
vortexing or agitation for 10 min. The result is poured 
into a column and washed with 3 ml loading buffer and then 

20 3 ml of middle wash buffer. mRNA is eluted directly into 
an SW55 tube with 1.5 ml of 2 mM EDTA, 0.1% SDS; the first 
two or three drops ax*e discarded. 

Eluted mRNA is precipitated by adding 1/10 vol. 3M 
NaOAc and filling the tube with EtOH. This is then mixed, 

25 chilled for 30 minutes at -20 'C, and spun at 50k rpm at 5*C 
for 30 min. The EtOH is poured off and the tube is air 
dried. The mRNA pellet is resxispended in 50-100 ul of 
RNase-free water. Approximately 5 ul is melted at 70" in 
MOPS/EDTA/formaldehyde and run on an RNase-free 1% agarose 

30 gel to check quality. 

cDNA Synthesis 



From this, cDNA is synthesized. A preferred method of 
cDNA synthesis is a variant of that described by Gubler and 
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Hoffinah (fiaffir 2S:263-269 (1982)). This is carried out as 
follows: 

a. First Strand. 4 ug of mRNA and heated to 
about 100 'C in a microfuge tube for 30 seconds and quenched 

5 on ice. The volume is adjusted to 70 ul with RNase-free 
water. The following are added: 20 ul of RTl buffer^ 2 ul 
of RNAse inhibitor (Boehringer 36 u/ul) , 1 ul of 5 ug/ul of 
oligo dT (Collaborative Research), 2.5 ul of 20 mM dXTP's 
(ultraptire) r 1 ul of l M DTT and 4 ul of HT-LX (Life 
10 Science, 24 u/ul) . The resulting combination is incubated 
at 42 •C for 40 miri. It is heated to inactivate (70 'C 10 
min) . 

b. Second Strand. 320 ul of RNAse free water, 
80 ul of RT2 buffer, 5 ul of DNA Polymerase I (Boehringer, 

15 5 U/ul), 2 ui RNAse H (BRL 2 u/ul) . Incubate at 15*C for 
1 hr and 22* C for 1 hr. Add 20 ul of 0.5M EDTA pH 8.0, 
phenol extract and EtOH precipitate by adding NaCl to 0.5M, 
linear polymery lamide (carrier) to 20 ug/ml, and filling 
tube with StOH. Spin 2-3 minutes in microfuge, remove, 

20 vortex to dislodge precipitate high up on wall of tube, and 
respin 1 minute. 

o.^ Adaptors. Resuspend precipitated cDNA in 
240 ul of .TS (10/1) . Add 30 ul of lOx low salt buffer, 30 
ul of lOX low salt buffer, 30 ul of lOX ligation additions, 

25 3 ul (2.4ug) of kinased 12-mer adaptor, 2 ul (1.6ug) of 
kinased 8-mer adaptor, and 1 ul of T4 DNA ligase (BioLabs, 
400 u/ul, or Boehringer, 1 Weiss unit/ml). Incubate at 
15 'C overnight. Phenol extract and EtOH precipitate as 
eUsove (no extra cairrier now needed), and resuspend in 100 

30 ul of TE. 
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pgg pf cpwft fraqffigntg in ^xpr^s^ion yggtorg 

For us with th fistXI -based cDHA expr ssi n vectors 
of the invention (see infra) , oligonucleotide segments 
containing terminal sequences corresponding to BstX I sites 
5 on the vectors are ligated to the cDNA fragment desired to 
be inserted. The resulting fragments are pooled by 
fractionation. A preferred method is as follows: 

Prepare a 20% KOA, 2 mM EDTA, 1 ug/ml EthBr solution 
and a 5% KOAc, 2 niN EDIA, 1 ug/ml EthBr solution. Add 2.6 

10 ml of 20% K>Ac solution to back chamber of a small gradient 
maker. Remove, air bubble from tube connecting the two 
chambers by allowing solution to flow into the front 
chamber and then tilt back. Close passage between 
chambers, and add 2.5 ml. of the 5% solution to the front 

15 chamber. If there is liquid in the tubing from a previous 
run, allow the 5% solution to run just to the end of the 
tubing, and then return to. chamber. Place the apparatus on 
a stlrplate, set the stir bar moving as fast as possible, 
open the stopcock connecting the two cheunbers and then open 

20 the front stopcock. Fill a polyallomer SW55 tube from the 
bottom with the KOAc solution. Overlay the gradient with 
100 ul of cWA solution. Prepare a balance tube and spin 
the gradient for 3 hrs at 50k rpm at 22 "C. To collect 
fractions from the gradient, pierce the SW55 tube with a 

25 butterfly infusion set (with the luer hub clipped off) 
close to the bottom of the tube and collect three 0.5 ml 
fractions and then 6 0.25 ml fractions into microfuge tiibes 
(about 22 and 11 drops respectively) . BtOH precipitate the 
fractions by adding linear polyacrylamide to 20 ug/ml and 

30 filling the tube to the top with EtOH. After cooling 
tubes, spin them in a microfuge for 3 min. Vortex and 
respin 1 min. Rinse pellets with 70% EtOH (respin) . Do 
not dry to completion. Resuspend each 0.25 ml fraction in 
10 ul of TE. Run 1 ul on a 1% agarose minigel. Pool the 
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first three fractions, and those of the last six which 
contain no material smaller than 1 kb. 

Suppressor tRNA plasmids may be propagated by known 
methods; In a preferred method according to the present 
5 invention, siipF plasmids can be selected in nonsuppressing 
hosts containing a second plasmid, p3, which contains amber 
mutated aa^icillin and tetracycline drug resistance 
elements (Seed, 1983) . The p3 plasmid is derived from PRl, 
is 57 kb in length, and is a stably maintained, single copy 

10 episome. the^ ampicillin resistance of this plasmid reverts 
at a hi^ rate, so that amp*" plasmids usually cannot be used 
in PS-containing, strains. Selection for tet resistance 
alone is almost as good as selection for amp+tet 
resistance. However, spontaneous appearance of chromosomal 

15 suppressor tRNA mutations presents an unavoidable 
backgrotmd (frequency about 10'^) in this system. Colonies 
strising from spontaneous suppressor mutations are usually 
bigger than colonies arising from plasmid transformation. 
Suppressor plasmids typically are selected for in LB medium 

20 containing amp at 12.5 ug/ml and tet at 7.5 ug/ml. For 
large plasmid preps, N9 casamino acids medium containing 
glycerol (0.8%) may be used as a cazi>on source, and the 
bacteria grown to saturation. 

vector MJA may be isolated by known methods. The 
25 following method is preferred for plasmid from 1 liter of 
saturated cells: 

Spin down cells in 1 liter J6 bottles, 4.2k rpm, 25 
minutes. Resuspend in 40 ml 10 mM EDTA pH 8 (Thump on soft 
surface) . Add 80 ml 0 . 2M NaOH , 1% SDS , swirl until 
30 clearish, viscous. Add 40 ml 5M KOAc, pH 4.7 (2.5M KOAc, 
2.5M HOAc) shedce semi-vigorously (tintil Ixxmps are 2-3 mm in 
size). Spin (same bottle) 4.2K rpm, 5 min. Pour 
supernatant through cheesecloth into 250 ml bottle. Fill 
bottle with isopropyl alcohol. Spin J6, 4.2k rpm, 5 min. 
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Drain bottle, rins gently with 70% EtOH (avoid fragmenting 
the pellet) . Invert bottle, and remove traces of EtOH with 
Kimvipe. Resuspend in 3.5 ml Tris bas /EDTA 20ml^lOmM. 
Add 3.75 ml of resuspended pellet to 4.5g CsCl. Add 0.75 
5 ml 10 mg/ml ethidiiim bromide, mix. Fill VTiOO tubes with 
solution. Run at a speed of 80 rpm for 2.5 houzB or 
longer. Extract bands by visible light with 1 ml syringe 
and 20 gauge or lower needle. Cut top off tube, insert the 
needle upwards into the tube at an angle of about 30* with 

10 respect to the tube, (i.e., as shallowly possible) at a 
position about 3 mm beneath the band, with the bevel of the 
needle up. After the band is removed, pour tube contents 
into bleach. Deposit extracted bands in 13 ml Sarstedt 
tube. Fill tube to top with n-butanol saturated with IM 

15 NaCl, extract. If a very large quantity of DNA is 
obtained, reextract. Aspirate butemol into trap containing 
5M NaOH (to destroy ethidium) . Add about equal volume IM 
ammonium acetate to DNA (squirt bottle). Add about 2 
volumes 95% ethanol (squirt bottle) . Spin lOK rpm, 5 min. 

20 J2-21. Rinse pellet carefully with 70% ethanol. Dry with 
s%rab, or lyo^ilizer. 

The vector may be prepared for cloning by known 
methods. A preferred method begins with cutting 20 ug of 
vector in a 200 ul reaction with 100 units of Bstx i (Mew 

25 York Biolabs), cutting at 50 'C ovemi^t in a well- 
thermostatted water bath (i.e., circulating water bath). 
Prepare 2 KOAc 5-20% gradients in SW55 tut>e8 as described 
above. Add 100 ul of the digested vector to eac^ tube amd 
run for 3 hrs, 50K rpm at 22 *C. Examine the tube under 300 

30 nm uv light. The desired band will have migrated 2/3 of 
the length of the tube. Forward trailing of the band means 
the gradient is overloaded. Remove the band with a 1 ml 
syringe and 20 gauge needle. Add linear polyacrylamide and 
precipitate the plasmid by adding 3 volumes of EtOH. 

35 Resuspend in 50 ul of TE. Set up ligations using a 
consteuit amount of vector and increasing amounts of cDNAs. 
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On tlie baiie of these trial ligations, set up larg scale 
ligation, i^idi oah be acconplished by known nethods. 
Usually the jamtirc cDKA prep requires 1-2 ug of cut vector. 

Adaptors may be prepared by known methods, but it is 
5 preferred to resuspend crude adaptors at a concentration of 
1 ug/ul, add MgSO^ to 10 mM, and precipitate by adding 5 
volumes of EtOH. Rinse with 70% BtOH and resuspend in TE 
at a concentration of 1 ug/ul. To kinase take 25 ul of 
resuspended adaptors, add 3 ul of lOX kinasing buffer and 
10 20 units of kinase; incubate 37'C overnight. 

Preparation of buffers mentioned in the above 
description ;pf preferred methods according to the present 
invention will be evident to those of skill. For conve- 
nience^ preferred buffer coB«>ositions are as follows: 

15 Loading Buffer: 0.5 M LiCl, 10 aM Tris pH 7.5, laM 

BDTA 0.1% SDS. 

Middle WasOk Buffer: 0.15 M LiCl, 10 mM Tris pH 7.5, IJOM 

EDIA 0.1% SDS. 

Rtl Buffer: 0.25 M Tris pH 8.8 (8.2 at 42'), 

20 0.25 M KCl, 30 lM MgClj. 

BT2 Buffer: 0*1 M Tris pH 7.5, 25 mM MgClg, 0.5 

M KCl, 0*25 mg/ml BSA, 50 tfM DTT. 

lOX Low Seat: 60 mM Tris pH 7.5, 60 miM MgClj, 50 

25 mM NaCl, 2.5 mg/ml BSA, 70 mM Me. 

lOX Ligation 1 mM ATP, 20 mM DTT, 1 mg/ml BSA, 10 

Additions: mM spermidine. 

lOX Kinasing 0.5 M Tris pH 7.5, 10 mM ATP, 20mM 

Buffer: DTT, 10 mM spermidine, 1 mg/ml BSA 

30 ... 100 mM MgClj. 

By "vector" is meeint a DNA molecule, derived from a 
plasmid or bacteriophage, into which fragments of DNA may 
be inserted or cloned. A vector will contain one or more 
unique restriction sites, and may be capable of autonomous 
35 replication, in a defined host or vehicle oi^ganism such that 
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the cloned sequence is reproducible. Thus, by "DMA 
expression vector" is meant any autonomous element capable 
£ replicating in a host independently of the host's 
chromosome, after additional sequences of DNA have been 
5 incorporated into the autonomous element's genome. Such 
DNA expression vectors include bacterial plasmids and 
phages. 

Preferred for the purposes of the present invention, 
however, are viral vectors, such as those derived from 
10 simian virus strain 40 (SV40) . SV40 is a papovavirus 
having a molecular weight of 28 Mdal, and containing a 
circular double-stranded DNA molecule having a molecular 
weight of 3 Mdal, which comprises the entire genome of the 
virus. The entire nucleotide sequence of this single, 
15 small, covalently closed circular DHA molecule has been 
determined. Fiers et al. , Hatutg 222:113-120 (1978); 
Reddy et ftlt# Science 494-502 (1978) . The viral DNA of 
SV40 may be obtained in large quantities, and the genomic 
regions responsible for various viral functions have been 
accurately located with respect to a detailed physical map 
of the OKA. Fiers et al,, sOBTA^ Reddy et al. , fiUQCa- «he 
viral genome of SV40 can multiply vegetatively or as ah 
integral part of cellular chromosomes, and a wealth of 
information exists on the replication and expression of 
this genome. 

Also preferred for the purposes of the present 
invention is a single-stranded bacteriophage cloning 
vehicle, designated M13, having a closed circular DNA 
genome of approximately 6.5 kb. An advantage of utilizing 
M13 as a cloning vehicle is that the phage particles 
released from infected cells contain single-stranded DNA 
homologous to only one of the two complementary strands of 
the cloned DNA, %^ich therefore can be used as a template 
for DNA sequencing analysis. 
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invention are the eaqiression vectors designated piH3, 
piH3M, and CTIfS, deposited at the Anerlcan Type Culture 
Collection (ATCC), 12301 Parklawn Drive, Rockville, MD 
5 20852. piH3 was deposited at the ATCC on February 24, 
1988, and has accession number ATCC 67634. piH3M was 
deposited at the ATCC on February 24, 1988, and has 
accession number ATCC 67633. CDMS was deposited at the 
ATCC on February 24, 1988, and has accession number ATCC 
10 67635. 

By "tissue culture" is meant the maintenance or growth 
of aniaial tissue cells in vitro so as to allow further 
differentiation and preservation of cell architecture or 
function or both. "Primary tissue cells" are those taken 

15 directly fr«ii a population consisting of cells of the same 
kind performing the same function in an organism. Treating 
such tissue cells with the proteolytic enzyme trypsin, for 
example, dissociates them into individual primary tissue 
cells that grow well vhen seeded onto culture plates at 

20 hi^ densities. Ceill cultuires arising from multiplication 
of primary cells in tissue culture are called "secondary 
cell cultures." Most secondary cells divide a finite 
number of tiaws and then die. A few secondairy cells, 
however, may pass through this "crisis period", after which 

25 they are able to multiply indefinitely to form a continuous 
"cell line." Cell lines often will contain extra 
i^iromosomes-, and usually are abnoinptal in other respects as 
well. The immortality of these cells is a feature shared 
in common with cancer cells. 

30 Preferred cell lines for use as tissue culture cells 

according to the present invMition include the monkey 
kidney cell line, designated "COS." COS cells are those 
that have been transformed by SV40 DMA containing a 
functional arly gene region but a defective origin of 

35 viral DNA replication. COS cell clone M6 is particularly 
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preferred for use according to the method of the invent! n. 
Also preferred f r the purposes of the present invention 
are murin "WOP" cells, which are NIH 3T3 cells transfected 
with polyoma origin deletion DNA. cDNA laay be introduced 
into the host tissue culture cells of the present invention 
by any methods laiawn to those of skill. Transfection may 
be accomplished by, for example, prott^last fusion, by 
spheroplast fusion, or by the DBAS dextran method (Sussman 
fiSLJUuur £fillj_£iS2Li. 1:1641-1643 (1984)). 



10 If spheroplast fusion is ea^loyed, a preferred method 

is the following variant based on Sandri-Goljdrin et al. . 
Mol. Cell mn. •[•lA'i-iKo (1981). Briefly, for example, a 
set of six fusions requires 100 ml of cells in broth. Grow 
cells containing amplifiable plasmid to OD 600-0.5 in LB. 
15 Add spectinomycin to 100 ug/ml (or chloras^henicol to 150 
ug/ml). Continue incvibation at 37 "C with shaXing for 10-16 
hours. (Cells begin to lyse with prolonged incubation in 
spectinoaycin or chloraiQ>henicol medium) . Spin down loo ml 
of culture (JA14/6SA rotor, 250 ml bottle) 5 min. at lo,ooo 
20 rpm. Drain well, resuspend pellet In bottle with 5 ml cold 
20% sucrose, 50 mM Trls-HCL 8.0. Incubate on ice 5 mln. 
Add 2 ml cold 0.25M BDIA pR 8.0, incubate 5 min. at 37*c 
(waterbath) . Place on ice, cAieek percent conversion to 
spheroplasts by microscopy. In flow hood, slowly add 20 ml 
25 of cold DME/10% sucrose/10 mM MgClg (dropwise, ca. 2 drops 
per second) . Remove media from cells plated the day before 
in 6 cm dishes (50% confluent) . Add 5 ml of spheroplast 
suspension to each dish. Place dishes on top of tube 
carriers in swinging bucket centrifuge. Up to 6 dishes can 
30 be comfoirtably prepared at once. Dishes can be stacked on 
top of each other, but 3 in a stack is not advisable as the 
spheroplast layer on the top dish is often torn or detached 
after centrlfugatlon. Spin at lOOOxg 10 min. Force is 
calculated on the basis of the radius to the bottom plate. 
35 Aspirate fluid from dishes car fully. Pipet 1.5-2 ml 50% 
(w/w) PEG 1450 (or PEG 1000) /50% IXCB (no serum) into the 
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center of tjie dish. If necessary, sveep tHe pip t tip 
around to ensure that th PEG spreads evenly and radially 
across the whole dish. After PEG has been added to the 
last dish, prop all of the dishes up on their lids so that 
5 the PEG solution collects at the bottom. Aspirate the PEG. 
The thin layer of PEG that remains on the cells is 
sufficient to promote fusion; the layer remaining is easier 
to wash off, and better cell viability can be obtained, 
than if the bulk of the PEG is left behind. After 90 to 

10 120 seconds (PEG 1000) or 120 to 150 seconds (PEG 1450) of 
contact with the PEG solution, pipet 1.5 ml of DUE (no 
serum) into the center of the dish. Ofce PEG layer will be 
swept radially by the DME. Tilt the dishes and aspirate. 
Repeat the EME wash. Add 3 ml of DME/10% serum containing 

15 15 ug/ml g?entamicin sulfate. incubate 4-6 hours in 
incubator. Remove media and remaining bacterial 

suspension, - add more media and incubate 2-3 days. 
E3ctensive washing of the cell layer to remove PEG tends to 
remove many of the cells without any substantial benefit. 

20 If the cellp are allowed to sit in the second DME wash for 
a few minutes, most of the spheroplast layer will come up 
spontaneously; however it is pref einred to wash briefly and 
allow the layer to come off in the complete m ediu m at 37 *C. 

The PEG solution can be conveniently prepaired by 
25 melting a fresh bottle of PEG at 60* C and pouring approx- 
imate 50 ml aliquots by means of a 50 ml centrifuge tube 
into preweighed bottles. The eaiguoted PEG is stored at 
5*C in the dark. To make up a fresh bottle, weigh the 
aliquot, remelt, and add an equal volume of DME (no serum). 
30 Adjust the pH with 7.5% Na bicarbonate solution if 
necessary, and filter sterilize. The resulting PEG 
solution may be stored up to 3 months at room tenqperature 
without detectable adverse consequence. 

Transfected host cells will be cultured according to 
35 the invention in order to accon^^lish expression of the 
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protein encoded by the cDNA clone, and to increase the 
absolute niunbers of cells available for subsecpaent 
iBnrunoselection. Those skilled in the art will know of 
appropriate methods and media for this purpose, taking into 
5 account the cell type «md other variables routinely 
considered. COS cells, for example, may be cultured in 
Dulbecco's modified Eagle's medium (EME) supplemented with 
10% calf serum and gentamycin sulfate. Transient 
e3cpres8ion of tramsfected cells normally can be expected 
10 between 48 and 72 hours posttransfection. However, this 
time period may vary depending i;^on the type or strain of 
host cell used and the cell culture conditions, as will be 
apparent to those of ordinary skill. 

Immunoprecipitation, blotting, and cDNA sequencing of 
15 genes cloned according to the methods of the presentf 
invention may be carried out by any convenient methods 
known to those of skill. For exasqple, the 

immunoprecipitation protocol of Clark et al . , Leukocyte 
Typing II r Vol. ii, pp. 155-I67 (1986), is preferred. 
20 Southern, Northern, or other blot analysis methods known to 
those of skill may be employed, using hybridization probes 
prepared by known methods, such as that of Hu ct al> r cene 
I£:271-277 (1982)). cDNA sequencing also may be 
accomplished by known methods, including the 
25 dideoxynucleotide method of Sanger et al. ^ Proc, Natl. 
Asait-Ssis. ISSAI 24:5463-5467 (1977). 

The amtibodies used according to the present invention 
may be polyclonal or monoclonal. These may be used singly, 
or in conjunction with other polyclonal or monoclonal 
30 emtibodies to effect immtmoselection of cells expressing 
the desired antigen or antigens by the methods of the 
present invention. Methods of preparing antibodies or 
fragments thereof for use according to the present 
invention are known to those of skill. 
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Standard refereiicie works setting foirth general 
principles of immuhology include Klein, J* , imnunolocrv: 
The Science of Self-Nonself pjggriF^^^^^Q"- ^olm Wiley & 
Sons, publisher. New York (1982); Kennett, R, , ^t al> , 
5 eds.. Monoclonal Antibodie s, Hvbridoina; A New Dimension in 
Biological Analyses > Plenum Press, publisher. New York 
(1980) ; Campbell, A,, "Monoclonal Antibody Technology" in 
Burden, R. , et al,. eds., Iflfrprq^QirY Tepti^iiqugs — 1q 
Biochemistry and Molecular Biology, Vol. 13, Elsevere, 
10 publisher, Amsterdam (1984). 

The term "amtibody" is meant to include the intact 
molecule as well as fragments thereof, such as, for 
example. Fab and F(ab) fragments, which also are able to 
bind to antigen. Polyclonal antibody preparations may be 

15 derlyed directly from the blood of the desired animal 
species after imnninization with the antigen of interest, or 
a fragment thereof, using any of the standard protocols 
known to those of ordinary skill. Similarly, monoclonal 
antibodies may be prepared using known methods (Kohler sSi 

20 al^, Eur, J. Immunol. fi:292 (1976)). Use of monoclonal 
antibodies is preferred for the purposes of the present 
invention. 

For the purposes of immunoselection according to the 
present inyention, the tissue culture host cells which have 

25 been exposed to antibodies directed against the target cell 
surface antig^ are separated from host cells which do not 
escpress the target antigen by distributing the cells onto 
a substrata coated with emtibody directed against the 
suitlbody for the antigen. This technique, termed 

30 "panning," will be known to those of skill, and is 
described, for example, by Mage et al , > .t, Timmi^ols Meth. 
15; 47-56 (1977), and Wysocki and Sato, Proc, Na tl, Acad. 
Sci. rUSA) 25:2844-2848 (1978) . 
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Panning according to the methods of the present 
invention nay be carried out as follows: 



a. Antibody-coated dishes. Bacteriological 60 
mm plates, Falcon 1007 or equivalent, or 10 cm dishes such 
5 as Fisher 8-757-12 may be used. Sheep anti-mouse affinity 
purified antibody (from, for exaa«)le. Cooper BioNedical 
(Cappell)) is diluted to 10 ug/ml in 50 aM Tris HCl, pH 
9.5. Add 3 ml per 6 cm dish, or 10 ml per 10 cm dish. Let 
sit ca. 1.5 hrs., remove to next dish 1.5 hrs., then to 3rd 
10 dish. Wash plates 3x with 0.15 NaCl (a wash bottle is 
convenient for this) , incubate with 3 ml 1 mg/ml BSA in PBS 
overnight, aspirate and freeze. 

b. Panning. Cells will be in 60 mm dishes. 
Aspirate medium from dish, add 2 ml PBS/0.5 mM EDTA/0.02% 

15 azide and incubate dishes at 37 'C for 30 min. to detach 
cells from dish. Triturate cells vigorously with short 
pasteur pipet, and collect cells from each dish in a 
centrifuge tube. Spin 4 min. setting 2.5 (200 x g) (takes 
5 min). Resuspend cells in 0.5-1.0 ml PBS/EDTA/azide/5% 

20 PBS and add antibodies. Incubate at least 30 min. on ice. 
Add an equal volume of PBS/BDTA/azide, layer carefully on 
3 ml PBS/EDTA/azide/2% Ficoll, and spin 4 min. at setting 
2.5. Aspirate supernatant in one smooth movement. Take up 
cells in 0,5 ml PBS/EDTA/azide and add aliquots to 

25 antibody-coated dishes containing 3 ml PBS/EDTA/azida/5% 
FBS by pipetting through 100 micron Nylon mesh (Tetko) . 
Add cells from at most two 60 mm dishes to one 60 mm 
antibody-coated plate. Let sit at room temperature 1-3 
hours. Remove excess cells not adhering to dish by gentle 

30 washing with PBS/5% serum or with medium. 2 or 3 washes of 
3 ml are usually sufficient. 

c. Hirt Supernatant. A preferred variant of 
the method of Hirt, J, Molec, Biol. 26:365-369 (1967), is 
as follows: Add 0.4 ml 0.6% SDS, 10 mM EDTA to panned 
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plate. Let sit 20 minutes (can be as little as 1 min. if 
there are practically no ells n the plate). Pipet 
viscous mixture into microfug tube. Add 0.1 lol 5M NaCl, 
mix^ put on ice at least 5 hrs. Keeping the mixture as 
5 cold as possible seems to improve the quality of the Hirt. 
Spin 4 min^, remove supernatant carefully, phenol extract 
(twice if the first interface is not clean), add 10 ug 
linear polyticrylamide (or other carrier) , fill tube to top 
with EtOH; precipitate, and resuspend in 0,1 ml. Add 3 

10 volumes EtOH/MaQAc, reprecipitate and resuspend in 0.1 ml. 
Transform into MC1061/p3, preferably using the high 
efficiency protocol hereinafter described. If the DNA 
volUM exceeds 2% of the competent cell aliquot, the 
transformation efficiency will suffer. 5% gives the same 

15 number of colonies as 2.5% (efficiency is halved). 

It is preferred for this aspect of the present 
invention to use "blockers" in the incubation medium. 
Blockers assure that non^^specif ic proteins, proteases, or 
antibodies present do not cross-link with or destroy the 

20 antibodies present on the substrate or on the host cell 
surface, to yield false positive or false negative results. 
Selection of blockers can substantially improve the 
specificity of the inmunoselection step of the present 
invention^ A number of non-specific monoclonatl antibodies, 

25 for example, of the same class or subclass (isotype) as 
those used in the immunoselection step (e.g., IgG^, IgG2A, 
Igcaa, etc.) can be used as blockers. Blocker concentration 
(normally l^-lOO ug/ul) is important to maintain the proper 
sensitivity yet inhibit unwanted interference. Those of 

30 slcill also will recognize that the buffer system used for 
incubation may be selected to optimize blocking action and 
decrease non-specific binding. 

A population of cells to be pemned for those ex- 
pressing the target cell surface antigen is first detached 
35 from its cell culture dish (harvested) without trypsin. 
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Th cells then are exposed to a first zmtlbody, which may 
be polyclonal or monoclonal, directed against the antigen 
of interest or against a fiuaily f related emtigens. At 
this initial stage, a single antibody or a group of 
5 antibodies may be used, the choice depending upon the 
nature of the target antigen, its anticipated frequency, 
and other variables that will be apparent to those of 
skill. Target antigens expressed on the surfaces of host 
cells will form an antigen-antibody con^lex. 

10 The cells subsequently are placed in close apposition 

to a substrate, such as a culture dish, filter disc, or the 
like, which previously has been coated with a second 
antibody or group of antibodies. This second antibody will 
be directed against the first antibody, and its choice will 

15 be a matter of ordinary skill dictated by, for example, the 
animal in which the first antibody was raised. For 
example, if the first antibody was raised in mice, the 
second antibody might be directed against mouse 
immunoglobulins, raised in goats or sheep. Cells 

20 esqoressing the target antigen will adhere to the substrate 
via the conqplex formed between the antigen, the first 
antibody, and the second antdLbody. Adherent cells then may 
be separated from nonadherent cells by washing. DNA 
encoding the target antigen is prepared from adherent cells 

25 by known methods, such as that of Hirt, J, Molec. Biol. 
25:365-369 (1967). This DNA may be transformed into £^ 
SQli, or other suitable host cells for further rounds of 
fusion and selection, to achieve the desired degree of 
enrichment. 

30 In the usual case, the initial roiinds of 

immunoselection will employ a panel of first antibodies 
directed against an epitope or group of epitopes common to 
the family of antigens to which the tsuiget antigen belongs. 
This will be sufficient to narrow the number of clones for 

35 future rounds quite significantly. Two such rounds usually 
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will be fouiid adecpiate, but the number of rounds aay vary 
as mentioned above. Th reafter, a single round of 
selecrtion inay be performed employing a singl first 
antibody ot- a group of first antibodies recognizing only 
5 the target antigen- 

By "substrate" is meant a solid surface to %rtiich 
antibodies may be bound for immunoselection according to 
the present invention. Khown suitable substrates include 
glass, polystyrene, polyprc^ylene, dextran, nylon, and 

10 other materials. Tubes, beads, microtiter plates, 
bacteriological culture dishes, and the like formed from or 
coated with^ such materials may be used. Antibodies may be 
covalently or physically bound to the substrate by known 
techniques, such as covalent bonding via an amide or ester 

15 linkage, or by absorption. Those skilled in the art will 
know many other suitable substrates and methods for 
immobilizing antibodies thereupon, or will be able to 
ascertain such substrates and methods using no more than 
routine esqp^irimentatipn. 

20 The tihoice of host tissue cultuire cells for uise 

according to the present invention preferably should be 
such as to ilkvoid the situation in ^ich the emtibodies used 
for panning recognize determinMts on untransfected cells. 
Thus, irtiile COS cells are preferred for trsmsient 

25 expression of certain surface antigens, more preferred are 
murine W)P cells. Of the latter, WOP 3027 cells are even 
more preferred. WOP cells allow virtually all antibodies 
to be used, since cross-reactions between murine antibodies 
and murine cell surf ace determinants are rare. 

30 The insert size of the recombinant DNA molecule shoxild 

be chosen to maximize the likelihood of obtaining an entire 
coding sequence. Those of skill will know various methods 
by which a preliminary determination of optimal insert size 
for a given gene may be determined. 
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Vector construction and cDNA Insertion 

Vectors suitable f r expr ssion of cDNA in mammaliem 
tissue culture cells may be constructed by ]cnovn methods. 
Preferred for the purposes of the present invention is an 
5 expression vector containing the SV40 origin. The vector 
may contain a naturally derived or synthetic transcription 
origin, and the SV40 early region promoter* Even more 
preferred is a chimeric promoter composed of human 
cytomegalovirus immediate early enhancer sequences. 
10 Various "enhamcer sequences" also may be used with SV40 
vectors. These are described, for example, by Banerji fit 
al^r fifill 22:299-308 (1981); Levinson et al. . Nature 
225:568-572 (1982); and Conrad et al,. Mol, Cell. Biol, 
2:949-965 (1982). 

15 Insertion of cDNA into the vectors of the present 

invention can occur, for example, by homopolymeric tailing 
with terminal transferase. However, homopolymeric tracts 
located 5» to cIWA inserts may inhibit in vitro and in vivo 
expression. Thus, preferred for purposes of the present 

20 invention is the use of inverted identical cleavage sites 
sepzorated by a short replaceable DMA segment. Such 
inverted identical cleavage sites, preferably employing the 
fi&tXI restriction endonuclease, may be used in parallel 
with omh synthetic oligonucleotides, giving the same 

25 terminii as the replaceable segment of the vector. In this 
manner, the cDNA cannot ligate to itself, but can ligate to 
the vector. This allows the most efficient xise of both 
CDNA and vector. 

Another embodiment of the present invention is the 
30 above-described efficient oligonucleotide-based strategy to 
promote cDNA insertion into the vector. The piH3H vector 
of the present invention is preferred, and employs the 
invert d endonuclease sites. This vector may contain an 
SV40 origin of replication, but a more pr f erred form 
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contains an M13 origin. This vector, containing the M13 
origin, allows high level expression in COS cells of coding 
sequences placed under its control. Also, the small siz 
and particular eunrangement of sequences in the plasmid 
5 permit high level replication in COS cells. 

By "cell surface emtigen" is laeant any protein that is 
transported through the intracellular membrane system to 
the cell surface. Such antigens normally are anchored to 
the cell surface membrane through a caiAoxyl terminal 

10 domain containing hydrophobic amino acids that lie in the 
lipid bilayer of the membrane, and there exert their 
biological and antigenic effects. Antigens such as those 
of T-lymphocytes are particularly suited for gene cloning 
by the method of the present invention. However, cell 

15 surface suitigens of any cells may be cloned according to 
the present method. Moreover, proteins not normally 
expressed . .on the cell surface may admit of cloning 
according to the present method by, for example, using 
fluorescence activated cell sorting (FACS) to enrich for 

20 fixed cells repressing intracellular antigens. 

By "substantially pure" is meamt any antigen of the 
present invention, or any gene encoding any such amtigen, 
which is essentially free of other emtigens or genes, 
respectively, or of other contaminsoits with which it laight 

25 normally be found in nature, and as such exists in a form 
not found in nature. By "functional derivative" is meant 
the "f ragsients , " "variants , " "emalogs , " or "cdiemical 
derivatives" of a molecule. A "fragment" of a molecule, 
such as any of the antigens of the present invention, is 

30 meant to refer to any polypeptide subset of the molecule. 
A "vEuriant" of such molecules is meant to refer to a 
naturally occurring molecule substantially similar to 
either the entire molecule, or a fragment thereof. An 
"analog" of a molecule is mecuit to refer to a non-natural 
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molecule substantially similar to either th entire 
molecule or a fragment thereof. 

A fragment, varizuit, analog and/or chemical derivative 
of an antigen is said to be "substantially similar" to 
5 another fragment, variemt, analog, chemical derivative 
and/or antigen if the sequence of amino acids in both 
molecules is substantially the same, i.e., have at least 
about 50% homology, and if both molecules possess a similar 
biological activity. A nucleotide sequence is said to be 

10 "substantially similar" to another nucleotide sequence if 
both sequences are substantially the same, i.e., the first 
nucleotide sequence encodes a fragment, variant, analog, 
chemical derivative or antigen having an amino acid 
sequence of at least about 50% homology to that encoded by 

15 the second nucleotide sequence, and the fragment, vauriant, 
analog, chemical derivative and/or antigen encoded by the 
first nucleotide sequence possesses a biological activity 
similar to the biological activity of the fragment, 
variant, analog, chemical derivative and/or antigen encoded 

20 by the second nucleotide sequence. Thus, provided that tvo 
molecules possess a similar activity, they are considered 
variants as that term is used herein even if one of the 
molecules contains additional amino acid residues not found 
in the other, or if the sequence of amino acid residues is 

25 not identical. As used herein, a molecule is said to be a 
"chemical derivative" of another molecule when it contains 
additional chemical moieties not normally a part of the 
molecule. Such moieties may improve the molecule's 
solubility, absorption, biological half life, etc. The 

30 moieties may alternatively decrease the toxicity of the 
molecule, eliminate or attenuate any undesirable side 
effect of the molecule, etc. Moieties capedDle of mediating 
such effects are disclosed, for exaa^le, in Remington's 
P^^aypac^ut^cal Scj^^ncep, 16th ed.. Mack Publishing Co., 

35 Easton, Penn. (1980) . 
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Slmila^cly^ a "functional derivative" of a gene of any 
of the antigens of the present invention is meant to 
include "fragments," "variants," or "analogues" of the 
gene, which may be "substantially similar" in nucleotide 
5 sequence, and which encode a molecule possessing similar 
activity. 

An antigen, fragment, vzuriant, euialog and/or chemical 
derivative "similar biological activity" to 

another antigen, fragment, variant, analog and/or chemical 

10 derivative If the former has a biological activity of at 
lea»t about 25% of that of the latter. Biological 
activities are those operations, functions or processes 
which are characteristic of living organisms. Biological 
activities can also include the reproduction, extension or 

15 adaptation cf living processes to in yitro or non-natural 
systems, siic^ as the biological activity exhibited idien an 
antigen, fragment, variant, analog and/or chemical 
derivative J.S artificially introduced into a test animal to 
induce the piXKluction of antibodies. An antigen, fragment, 

20 variant, analog and/or cdiemical derivative can have one or 
more biolo^ic^ activities. Biological activities can be 
detected or measured by methods or assays that are 
characterisstic for that activity. For a functional 
derivative to have a biological activity simdLLaur to that of 

25 an antigen^ it must have a biological activity of at least 
about 25% of that of antigen as measured by an assay 
characteristic for that activity and known to those of 
skill in the art. 

The substantially pure antigens that have been 
30 eaq>re8sed by methods of the present invention may be used 
in immunodiagnostic assay methods well known to those of 
skill, including radio-immunoassays (RIAs) , enzyme 
immunoassays (EIAs) and enzyme-linked immiinosorbent assays 
(ELISAs) • The substamtially pure proteins of th present 
35 invention, in soluble form, may be administered alone or in 
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c mbination with other antigens of the present invention, 
or with other ag nts, including lymphokin s and oon kines 
or drugs, for the treatm nt f iHnmin -related diseases and 
disorders in animals, including humans. As exan5)les of 
5 such disorders that may benefit from treatment with the 
substantially pure proteins of the present invention may be 
mentioned immune deficiency diseases, diseases of immediate 
type hypersensitivity, asthma, hypersensitivity 
pneumonitis, imoDauie-complex disease, vasculitis, systemic 

10 lupus erythematosus, rheumatoid arthritis, immunopathogenic 
renal injury, acute and chronic inflammation, hemolytic 
anemias, platelet disorders, plasma and other cell 
neoplasms, amyloidosis, parasitic diseases, multiple 
sclerosis, Guillain-Barre syndrome, acute zmd subacute 

15 myopathic paralysis, myasthenia gravis, immune 
endocrinopathies, and tissue and orgem transplemt re- 
jection, all as described in Petersdorf et al . . eds. , 
Harrigon'g Principles of mtemai n^iein^, 

fiUQEBL* See 

AlSS Weir, ed., subTA: Boguslasici et al. , eds., sSBIAt and 
20 Holborow ^j^, eds., supra . 

When used for immunotherapy, the antigens of the 
present invention may be unl2U>eled or labeled with a 
therapeutic agent. Escamples of therapeutic agents which 
can be coupled to the antigens of the invention for 
25 immunotherapy are drugs, radioisotopes, lectins, and 
toxins. 

The dose rangeis for the administration of the antigens 
of the present invention are those large enough to produce 
the desired immunotherapeutic effect, but not so large as 

30 to cause adverse side effects, such as unwanted cross- 
reactions, anaphylactic reactions, and the like. 
Generally, the dosage employed will vary with the age, 
condition, sex, and extent of the disease in the patient. 
Coimterindications (if any) , immune toleranc and other 

35 variables also will affect the proper dosage. 
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Adiolnlstration may be parenteral, by injection or by 
gradual perfusion over time. Administration also may be 
intravenous, intraparenteral, intramuscular, subcutaneous, 
or intradermal • 

5 Prepeurations for parenteral administration include 

sterile aqueous or non-aqueous solutions, suspensions and 
emulsions. Examples of non-aqueous solvents include 
propylene gXycpl, polyethylene glycol, vegetable oils such 
as olive oiX, and injectable organic esters such as ethyl 

10 oleate. Aqueous carriers include water, alcoholic and 
aqueous solutions, emulsions, or suspensions, including 
saline and buffered media. Peorenteral vehicles include 
sodium chloride solution. Ringer's dextrose, dextrose and 
sodium chloride, lactated Ringer's, or fixed oils. 

15 Intravenous vehicles include fluid and nutrient 
replenishers, electrolyte r^lenisher^, such as those based 
on Ringer's dextrose, and the like. Preservatives and 
other additives also may be present, such as, for example, 
antimicrobials, antioxidants, chelating agents, inert gases 

20 and the like. Such preparations, and the manner and method 
of making t^em, are known and described, for example, in 
Remington's Pharma ceutical Science, 16th ed., sSESSk* 

The antigens of the present invention also may be 
prepared as medic2UBents or pharmaceutical co^ositions 
25 comprising the antigens, either alone or in combination 
with other antigens or other agents such as lymphokines, 
monokines^ and drugs, the medicaments being used for 
therapy of animal, including human, immune-related 
indications. 

30 Although the antigens of the present invention may be 

administered alone, it is preferred that they be 
administered as a pharmaceutical composition. The 
compositions of the present invention comprise at least one 
antigen or its pharmaceutical ly acceptable salt, together 
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with one or more acceptabl carriers and optionally other 
therapeutic agents. By ••acceptable" is meant that the 
agent or carrier be compatible with th r ingredients f 
the composition and not injurious to the patient. 
5 Compositions include those suitable for oral, rectal, 
nasal, topical (including buccal and sublingual), vaginal, 
or parenteral administration. The compositions 

conveniently may be presented in unit dosage form, and may 
be prepared by methods well known in the pharmaceutical 

10 arts. Such methods Include bringing into association the 
active ingredient with the carrier which constitutes one or 
more accessory ingredients. In general, cosQ>ositions are 
prepared by uniformly and intimately bringing into 
association the active ingredient with liquid carriers or 

15 finely divided solid carriers, or both, and shaping the 
product formed thereby, if required. 

Orally administered pharmaceutical compositions 
according to the present Invention may be in any convenient 
form, including capsules, cachets, or tablets, each 

20 containing a predetermined amount of the active ingredient. 
Powders or granules also are possible, as well as solution 
or suspension in aqueous or nonaqueous liquids, or oil-in-- 
water liquid emulsions, or water-in-oil liquid emulsions. 
The active ingredient also may be presented as a bolus, 

25 electuary or paste. 

Having now described the invention, the same will be 
more fully understood by reference to the following 
BxamplBS, which are not intended in any way to limit the 
scope of the invention. 
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Example i Isolation, Molectilar Cloning, and S1:ructtxre 
of the Human CP? AntjqgP 

The cDNA exoression vector piH3 

A COS cell es^ression vector was constructed from piSV 
5 (Little et al> , Mol, Biol, Med> 1:473-488 (1983)) by 
inserting a synthetic transcription unit between the 
suppressor tRNA gene and the SV40 origin. The tran- 
scription emit consisted of a chimeric promoter coiq>osed of 
human cytppegalovirus AD169 immediately early enhancer 

10 sequences fused to the HIV LTR -67 to +80 sequences. 
Immediately downstream from the UTR +80 sequence was 
inserted a poly linker containing two BstX I sites separated 
by a 350bp stuffer; the BstX I sites were flsmked by Xbal 
sites, which could also be used to excise the insertr 

15 Downstream from the polylinker were placed the SV40 small 
t antigen splice and early region polyadenylation signals 
derived. f3X»im pSV2. The nucleotide sequence of the vector 
is shown in Figure 1. 

gPWA ljH>rarY wpstructAgn 

20 RNA wsis prepaired from HPB-ALL cells by the guanidinium 

thiocyanate/CsCl method, as described above. PolyA^ RNA was 
prepared from total BNA by oligo dT selection. Maniatis et 
al, yfoT^mj ar Cloning; A Laboratory Maoiual , supra . cEWA 
was synthesized by the method of Gubler and Hoffman f Gene 

25 2^:263-269 (1982)). BstXI adaptors were ligated to the 
cDNA, and the reaction products fractionated by 
centrifugation through a 5 ial-20% potassium acetate 
gradient containing 1 mM EDTA for 3 hours at 501c rpm in a 
SW55 rotor. 0.5 ml fractions were collected msuiually 

30 through a syringe needle or butterfly inserted just above 
the curve of the tube. Individual fractions were ethanol- 
precipitated after addition of linear polyacrylamide 
(Strauss and Varshavsky, Cell 27;889-901 (1984)) to 20 



wo 92/01049 



PCT/US91/04986 



45 

ug/ml. Fractions containing cDNA larger than 700bp were 
p led and ligated to gradient purified BstX I digested piH3 
vector. 

The ligated DNA was transfonaed into E. coli MC1061/p3 
5 nade competent by the following protocol: The desired 
strain was streaJced out on an LB plate. The next day a 
single colony was inoculated into 20 al TYH broth (recipes 
below) in a 250 nl flask. The cells were grown to aidlog 
phase (OD^ about 0.2-0.8), poured into a 21 flask 
10 containing 100 ml TYM, and vigorously agitated tmtil cells 
grew to 0.5-0.9 OD, then diluted again to 500 ml in the 
same vessel. When the cells grew to OD^ 0.6, the flask was 
placed in ice-water, and shaken gently to assure rapid 
cooling. When the culture was cool, it was spun at 4.2k 
15 rpn for 15 minutes (J6) . The supernatant was poured off 
and the pellet resuspended in about 100 ml cold TfB I 
(below) by gentle shaking on ice. Thereafter, it was 
respun in the same bottle at 4.2k rpm for 8 minutes (J6) . 
The supernatant was poured off and the pellet re8u^>ended 
20 in 20 ml cold TfB II by gentle shaking on ice. 0.1 to 0.5 
ml aliguots were placed in prechilled microfuge tubes, 
frozen in liquid nitrogen, and stored at -70'C. Por 
transformation, an aliquot was removed, thawed at room 
temperature utntil just melting, and placed on ice. I»fA was 
25 added, let sit on ice 15-30 minutes, and incubated at 37 -c 
for 5 minutes (6 minutes for 0.5 ml aliguots). Thereafter 
the UfA-containing suspensions were diluted irio in LB and 
grown for 90 minutes before plating or applying antibiotic 
selection. Alternatively, the heat-pulsed transformation 
30 mix was plated directly on antibiotic plates onto which a 
thin (4-5 ml) layer of antibiotic-free LB agar was poured 
just before plating. 

Media and Buffers: TYM: 2% Bacto-Tryptone, 0.5% 
Yeast Extract, O.iM NaCl, 10 mH Ngso^ (can b added befor 
35 autoclaving) . TfB I: 30 mM KOAc, 50 mM MnClj, 100 mM KCL, 
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10 mM CaClj, 15% (v/v) glycerol. TfB II: 10 inM Na-MOPSr pH 
7.0, 75 MM ClaCljr 10 mM KCl, 15% glycerol. 

Recovery of cDNA clones bv panning 

Bacteriological culture dishes (Falcon 1007) were 
5 prepared for panning by coating with an affinit^y purified 
sheep antirinouse IgG antibody as described by f^ocki and 
Sato f Prbc, Natl . Ag=ad, Sci, USA 2S:2844-2848 (1978)), 
except that dishes were washed with 0.15K NaCl from a wash 
bottle instead of PBS, and unreacted sites were blocked by 

10 overnight incubation in PBS containing 1 mg/ml BSA. Dishes 
were typically prepetred in large batches and stored frozen r 
after aspiration of the PBS/BSA. In the first round of 
screening, 24 6 cm dishes of 50% confluent COS cells were 
transfected by protoplast fusion according to the method of 

15 Sandri-Goldrin et al. . nol. ggl3L VXqI. 1:743-752 (1981). 
72 hours pwt fusion the cells were detached by incubation 
in PBS/l mM EDTV.02% sodium azide at 37 *C for 30 minutes. 
The detadbH^d cells were pooled, centrifuged, and 
resuspended in cold PBS/£DTA/5% Fetal Bovine Serum 

20 containing monoclonal antibodies, usually as siscites at 
1:1000 dilution, but also as commercial reagents at the 
concentrations suggested by the manufactures. After 1 hour 
on ice, the cells were diluted with 1:1 with PBS/EDTA/azide 
and layered on 10 ml of PBS/EDTA/ azide containing 2% 

25 Ficoll 400. After centrifugation (400xg, 5 minutes), the 
si^ernatanti was carefully euspirated, the pellet resuspended 
in a smal]^ amount of PBS/BDTA/5% FBS, and the cells 
distributed^ into panning plates containing 3 ml of 
PBS/EDTA/5% FBS. The plates were then treated essentially 

30 as described by PVysocki and Sato, Proc, Na tl, Acad. Sci, 
USA 75:2844-2848 (1978). Episomal DNA was recovered from 
the adherent cells by the Hirt f J. Mol. Biol. 2^:365-269 
(1967)) procedure and transformed into MC1061/p3. 
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Cell lines and cell cuituyi* 

COS cell cl ne M6 cells were pr pagated in Dulbecco's 
modified Eagle's medium supplemented with 10% calf serum 
and gentamycin sulfate at 15 ug/ml (niE/10% calf serum). 
5 Cells were split the day before transfection in 6 cm dishes 
at approximately 1:8 ratio from stock plates kept as dense 
as possible without overtly affronting the cells. T cell 
lines were grown in Iscove>s modification of Dulbecco's 
medium (INOM) containing gentas^cin as above, and either 
10 NuSerum (Collaborative Research) or fetal bovine serum at 
10%. 

CPS cell transfection for lumunofluoreacence studies 

COS cells at 50% confluence in 6 cm dishes were 
transf acted in a volume of 1.5 ml with a cocktail consist- 

15 ing of DHE or IMDM medium containing 10% MuSerum (Collab- 
orative Research) , 400 ug/ml DEAB Dextran, lOuM chloroguine 
diphosphate, and 1 ug/ml I»1A. After 4 hours at 37 "C (or 
earlier if the cells appeared ill), the transfection mix 
was removed and the cells were treated with 10% DNSO in PBS 

20 for 2 minutes. Sussman and Milman, Cell Biol. 1:1641-1643 
(1984) . Cells were then returned to DMB/10% calf serum for 
48 to 72 hours to allow expression. 

Imnunoprecipitations. Worthems and S outJiems 

T cells were labeled by lactc^roxidase treatment, 
25 lysed, and immunoprecipitated by the procedure of Clark and 
Einfeld (Leukocvte Typing TT. Vol. II, pp. 155-167 (1986)), 
using commercially available goat antir-mouse IgG agarose 
beads (Cooper Biomedical). COS cells were transfected by 
DEAE Dextran method and trypsinized and passed without 
30 dilution into new plates 24 hours after transfection. 36 
hours later, cells were detached by exposure to PBS/EDTA as 
above, centrifuged, and labeled by the lactoperoxidate 
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method. A cleared lysate was prepared as for the T cell 

immunoprecipitationsr except that the lysis buffer 

contained 1 mM PMSF^ and incubation with the primary 

antibody was carried out for only 2 hours at 4*C, Eluted 

5 sa2i$>les were fractionated on discontinuous 11.25% 

polyacrylaiaide gei^ using the buffer system of Laemmli 
f Nature 227 : 680-685 (1970)). 

Northern blot analysis was carried out essentially as 
described (ilahiatis et al. . Molecular Cloning, a T,aboratorv 

10 Manual (1982) )/ except that DMSO was omitted from the 
loading buffer/ denaturation was at 70* C for 5 minutes, and 
the gel contained 0.6% formaldehyde rather tham 6%. The 
gel was stained in two volumes of water containing 1 ug/ml 
ethidium bromide, photographed, and trsmsf erred to nylon 

15 (GeneScreen^r DuPont) in the staining liquor. The 
transf ertred RNA was irradiated by exposure to a germicidal 
lamp through Saraii Wrap (Church and Gilbert, Proc> Natl. 
Acad. Sci. USA 8 r 1991-1995 (1984)) for 5 minutes at a flux 
(measured &t 254 nm) of 0«22mW/cii^. Southern blot analysis 

20 was carried out by alkaline transfer to nylon (GeneScreen, 
DuPont) as described by Reed and Mann ( Nucl - Acids Res . 
13:7207-7221 (1986)) . Hybridization probes were prepared 
by the method of Hu and Messing ( Gene 18:271-277 (1982)), 
and blots were prehybridized in SDS/phosphate buffer 

25 (Church and Gilbert, Proc. Natl, Acad. Sci. USA 8:1991-1995 
(1984)) containing 10 DNA microgram equivalents of M13 mpl9 
phage. 

^^^r^^yte Resetting 

Erythrocytes were prepared from whole blood by three 
30 centrifugations in PBS. COS cells were transfected in 6 cm 
dishes with CD2 or other surface antigen expression clones 
by the DEAE method. 48 to 72 hoxirs posttremsfection, the 
medium was aspirated and 2 ml of PBS/5% FDS/azide was added 
to each plate, followed by 0.4 ml of the appropriate 
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rythrocyte samples as 20% suspensions in PBS. After 1 
hour at room temperatur , the nonadher nt erythrocytes were 
gently washed off, and th plat s examined. 

A cDNA encoding CD2 antigen determinants was isolated 
5 in the following manner: cONA was prepared from RNA 
extracted from the human T Cell tumor line HPB-ALL and 
inserted into the SV40 origin«^based expression vector piH3 
as described above. A cDNA library of approximately 3 x lo' 
recombinants was constructed, and the library was 

10 introduced into COS cells by protoplast fusion. Three days 
later the cells were detached by exposure to EDTA and 
treated with a pool of monoclonal antibodies, including 
three (OKTll, Leu5b, and Coulter Til) directed against CD2 
determinants. The antibody-treated cells were distributed 

15 into dishes coated with an affinity purified sheep anti- 
mouse IgG antibody, allowed to attach, and separated from 
the nonadherent cells by gentle washing. This method of 
enrichment is known in the immunological literature (Hage 
SkJBJLj.r J> Immunol. Methods (1977). 

20 The resulting colonies were pooled, fused into COS 

cells, and subjected to a second round of panning as 
before. In the third round, a portion of the detached 
cells was treated with a mixture of three monoclozml 
antibodies specific for CD2, and a Hirt supernatant was 

25 again generated and transformed into E. coll . dna was 
prepared from eight of the resulting colonies and 
transfected into COS cells. After three days, surface 
esqpression of the ,CD2 antigen was detected by indirect 
immunofluorescence in six of eight transfected dishes. 

30 Restriction enzyme digestion of the corresponding plasmid 
raiAs revealed a 1.5 kb insert in all six isolates. 

One of the six clones was prepared in larger quan- 
tities for further analysis. Following transfection into 
COS cells, indirect immunofluorescence analysis with a 
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partial paniel of antibodies provided by the Third Inter- 
national Workshop on Leukocyte Differentiation Antigens 
showed that all of the antibodies provided gave positive 
reactions with the exception of one saaqple \Aiicb also 
5 failed to react with phytohemagglutinin-activated T 
lymphocytes. Joiiong the 17 antibodies tested were at least 
eight distinguishable groups defined by their differing 
patterns of reactivity with lymphocytes of various primate 
species. Jonker and Nooij, Tieukocvte Tvpina II > Vol. I, 
10 pp. 373-387 (1986). 

QPKA segtieqci^ ^alysjs 

The CD2 cDNA insert was subcloned into M13 mpl9 
(Vieira and Messing, Gene 12:259-268 (1982)) in both 
orientatibiis, and the sequence determined by the 

15 dideoa^ucleotide method (Figure 2). Sanger et al. . Proc> 
Natl. Acad. Sci. USA 74:5463-5467 (1977). An open reading 
frame was observed to extend 360 residues from an ATG 
triplet satisfying the consensus criteria of Kozak 
( Microbiol. Rev, : 1-47:45 (1983)) for translational 

20 initiaticm codons (Figure 1) . The predicted amino acid 
sequence evokes an integral membrane protein with a single 
membrane spanning hydrophobic emcfaor terminating in a 
rather laurge intracytoplasmic domain. Coiq>arison of the N- 
terminal amino sequence with the matrix of signal sequence 

25 residue frequencies constructed by von Heijne (Nucl. Acids 
Res. 11:4683-4690 (1986)) suggests that mature CD2 peptide 
is formed by cleavage of a precursor peptide between the 
19th (Ser) and 20th (Lys) residues. 

A sxirprising and unexpected feature of this sequence 
30 is the presence of a potential N-1 inked glycosylation site 
just proximal to the proposed cleavage site. The resulting 
polypeptide backbone has a predicted molecular weight of 
38.9 kd divided into an external domain of mass 21.9 kb and 
a cytoplasmic domain of mass 14.6 kd. Three N-linked 
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glycosylation sites are present in the extracellular 
d main. 

The membrane spanning domain comprises 26 unchanged 
residues of predominantly hydrophobic character. In the 
nine residues immediately following are seven basic 
residues » either lysines or arginines. The appearance of 
predoainantly hydri^hobic residues followed by basic 
residues is a coBmon organizational feature of 
transmembrane proteins bearing carboxyl-terminal anchors. 

Another surprising feature of the transmembrane domain 
is the appearance of a cys-gly-gly-gly, a beta turn motif 
(Chou and Pasman, Annual Review of Bi oeheaistrY A7.'2Si-a-7«; 
(1978) ) , flanked by hydrophobic residues (which are 
frequently found flanking beta turns). Because only 20 
residues arrayed in <m alpha helix are theoretically needed 
to traverse the 3nm membrane bilayer (Tanford, Science 
iflfl: 1012-1018 (1978)), and as few as 14 hydrophobic 
residues can allow Insertion and export of an integral 
membrane protein (Adams and Rose, Cell 41:1007-1015 
(1985)), the transmembrane segment of the C02 antigen may 
contain a bend or kink. 

The rather large size of the cytoplasmic domain leaves 
open the possibility that CD2 possesses an intrinsic 
enzymatic activity. The cytoplasmic domain is very rich in 
prolines and contains three sites with high turn 
pzobeOsility. 

Con^arison of the amino acid sequence with the NBRF 
database revealed no substantive homologies with other 
proteins. in particular, no homology with the T cell 
receptor alpha or beta chains was observed, ruling out the 
suggestion that CD2 is a primordial T cell receptor. 
Milanese et 9,1., Science 221:1118-1122 (1986). 
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Just: inside the cytoplasmic face of the protein is a 
run of basic proteins followed by a serin residue, a 
pattern found at the same location in both th EGF receptor 
and the class I histocompatibility genes, and in each case 
5 a known site for either in vivo (EGF) and in vitro (HIA) 
phosphorylation by protein kinase C or cyclic AMP-dependent 
protein kinase, respectively. Hunter et al . , Nature 
111:480-482 (1984) ; Davis and Czech, Proc. Natl, Acad. Sci. 
£2:1974-1978 (1985); Guild and Strominger, J- Biol, Chem. 

10 25919235-9240 and 13504-13510 (1984). A similar site is 
found in the intracytoplasmic domain of the interleukin 2 
receptor, and is phosphorylated in vivo by protein kinase 
C. Leonard 1^.31^., Nature 311:626-631 (1984); Nikaido et 
al> , Nature 311 ; 631-635 (1984) ; Shackelford and Trowbridge, 

15 J. Biol, caiem, 259x11706- (1984). 

Immunoprecipitation of CD2 an tigen expressed bv transfected 
SSlls 

OdS cells were transfected with the CD2 expression 
plasmid and surf ace labeled with 125^ by the lactoperoxidase 

20 method 60 hours post-transfection. A cell lysate was 
prepared, and portions were incubated either with 
monoclonal anti-CD2 antibody (OKTll) or with an extremeous 
(0KT4; 2uiti-CD4) antibody for 2 hours at 4*C. Sepharose- 
bound anti-mouse antibody was added, and after several 

25 washing steps, the adsorbed proteins were eluted. and 
electrophoiresed through a 11.25% acrylamide gel together 
with similarly prepared imoaiunoprecipitates from 
phytohemagglutinin-activated T lymphocytes, the cDNA donor 
line HPB-A^, or a long-term T cell line generated in this 

30 laboratory. Autoradiography demonstrated a prominent hand 
of immunoreactive mater ieJ. precipitated from tremsfected 
COS cells by the anti-GD2 antibody, but not by the control. 
The calculated mean molecular weight of the COS cell 
material was 51 kd, compared to a mean molecular weight of 

35 54 kd for the T blast and T cell line material; the antigen 
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from HPB-ALL cells was found to have a molecular weight f 
approximately 61 kd. The observed differences in siz were 
attributed to different patterns of glycosylation in the 
different cell types. A minor band of apparent molecular 
weight 38 kd was present in material immunoprecipitated 
from COS cells but not from T cells or HPB-ALL cells. The 
size of this species agrees within experimental error with 
the predicted molecular weight of mature unglycosylated 
peptide, 39 kd. 

COS c^n^ expressing cm form rosettA« w ith ah««p 
ervthrQev<-,«>« 



COS cells transfected with the CD2 expression clone 
were treated for 1 hour with purified MT910 (igG, kappa) 
anti-CD2 antibody (Rieber s£_al^, Leukocvte Tvnina tt . vol. 

15 I, pp. 233-242 (1986)) at a concentration of 1 ug/ml, or 
with purified MB40.5 (igGl, kappa; Kawata et al. . j. gyp. 
VaAs. lfi£:633-651 (1984)) antibody at the same 
concentration. 10940.5 recognizes a monomorphic HIA-ABC 
determinant and cross-reacts with African Green Monkey 

20 histocompatibility antigens; it was chosen because it 
represents an isotype-matched antibody recognizing a 
surface antigen of approximately the same abundance as the 
CD2 antigen expressed by transfected cells. Sheep 
erythrocyte rosettes were observed in the presence of 

25 MB40.5, but not of MT910. Rosette inhibition was also 
observed with OXTll antibody, and not with various other 
control antibodies. 

Trangfeffted CQS cells form roaetteB y ltJi other ;ini»Ai 



In addition to sheep erythrocytes, human T cells are 
known to form rosettes with horse, pig, dog, goat, and 
rabbit, but not mouse or rat erythrocytes. Johansen sfe 
fi^' J. Allergy Clin. J tn^i^ p ^l M:86-94 (1974); Amiot gt 
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al> . in, h. Bernard et al, , eds.. Leucocyte Typipg, 

Spring r, publisher. New York, N.Y., pp. 281-293 (1984); 
Nalet and Foumier/ Cell, Imnunol, Msl26-136 (1985). 
Autorosett:e8 between human erythrocytes and human 
5 thymocytes (Baxley et al> . Clin> Exp, Immunol. IS: 385-393 
(1973)) have also been reported. COS cells transfected 
with the CD2 eacpression clone were treated with either 
MT910 or with the control antibody, 1IB40.5, and exposed to 
erythrocytes from the species abovB^ Rosettes were 

10 observed with horse, pig, dog, goat, sheep, rabbit, and 
humem erythrocytes, but not with mouse or rat erythrocytes. 
Rosette formation was blocked by pretreatment of 
transfected COS cells with MT910, but not with MB40.5. In 
these experiments, it was noticed that horse erythrocytes 

15 formed xinusually dense rosettes , and that goat erythrocytes 
formed rather sparse rosettes, possibly because their small 
size made them more susceptible to washing. Mouse 
erythrocytes showed weak spontaneous binding to the culture 
dish as well as to KT910 and NB40.5 pretreated cells, while 

20 rat erythrocytes showed no detectable binding of any sort. 

ff1n<^lP? yryt-bT-orytAs is hloeked bv 1^A3 antibodv 

Because it has been suggested on the basis of antibody 
blocking studies that IiFA3 is the target structiire for the 
CD2 antigen (Shaw et al. > Nature 323:262-264 (1986)), the 

25 ability of €mti-LFA3 antibody to prevent rosette formation 
was investigated. Transfected cells were exposed to human 
erythrocytes pretreated for 2 hours with either anti-LFA3 
(IgGl, kappa) as ascites at 1:1000 dilution, or with a 10 
ug/ml concentration of each of four isotype-matched 

30 nonagglutinating antibodies directed against human 
erythrocyte antigens as prevalent or more prevalent than 
LFA3:610/B11 and DIO, anti-K14 antigen, D6, anti-Wr** 
antigen? and F7/B9, anti-k antigen- Nichols et al . , Vox 
Sana , in press. The erythrocytes were washed free of 

35 excess I.FA3, antibody, but were allowed to form rosettes in 
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the presence of the control antibodies to guard against 
possible loss of antibody blocking power by desorption. 
Rosette formation was observed in th presence of all four 
control antibodies, but not with erythrocytes pretreated 
5 with anti-LFA3. 

COS Cellg expressing other T cell antiqene do not form 

A number of clones were isolated by the same 
expression technique used to clone CD2 amd characterized to 

10 varying degrees by antibody reactivity, nucleic acid 
restriction and sequence analysis, and immunoprecipitation. 
Representative clones were trans fected into COS cells and 
analyzed for ability to sustain rosette formation. The 
CDla, CDlb, CDlc, CD4, CDS, CD6, CD6, CDS, and CD28 (Tp44) 

15 clones did not form rosettes with human erythrocytes. 

RNA blQfc ^TiiilYCTiff 

Equal amounts of total RNA prepared from cell types 
expressing or lacking CD2 antigen were electrophoresed 
through denaturing agarose gels and transferred to nylon. 

20 Hybridization of the transferred RNA with a strand 
selective probe (Hu and Messing, Gene 17:271-277 (1982)) 
prepared from an M13 clone containing a CD2 cDNA insert 
revealed the presence of prominent 1.65 and 1.3 Jcb 
transcripts present in RNA derived from thymocyte, 

25 activated T cell, and senescent T cell populations. Lesser 
amounts were found in RNA extracted f rcan the cDNA donor 
line, HPB-ALL and less still from M0LT4; barely detectable 
levels were recorded in RNA from the HSB-2 line. No 
reactivity was observed with RNA from Namalwa (Burkitt 

30 lymphoma) , U937 (histiocytic letikemia) , HuT-78 (Adult T 
cell leukemia) , PEER (T cell leukemia) , or Jurkat clone 
J3R7 (T cell leukemia) lines. The pattern of reactivity 
conform d well with the known or measured pattern of 
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expression of CD2 ant:igen, which vas absent or indetect:able 
on the Nainalwa, *937, HuT-78, J3R7, PEER, and HSB-2 cell 
lines, weeiJcly present on M0LT4, more strongly present on 
EPB^ALL, and laost strongly present on activated T cells. 
5 Thymocytes are also Icnown to esqpress high levels of CD2 
antigen. 

Examination of the sequence of the cDNA clone 
suggested that the 1.3 kb RNA might arise by formation of 
an alternate 31 end distal to the canonical polyadenylation 

10 signal AATAAA at position 1085 in the cDNA sequence. To 
test this notion, RNA from HPB-ALL and activated T cells 
was subjected to Northern blot analysis and hybridized 
either with a coD5)lete cDNA probe, or with a probe derived 
from the 3' portion of the cDNA distal to nucleotide 1131. 

15 The latter; probe reacted only with the 1.65 kb species, 
while the former showed the same reactivity pattern 
obsezrved in Figure 5. This result is consistent with the 
suggested origin of the 1.3 kb transcript. 

In both activated and senescent T cell RNA 
20 preparations, a wealdy hybridizing transcript of 
approximately 0.75 kb was detected. At present the origin 
of this RNUl is unknown. 

Genomic organization of the CD2 aene 

Southern blot cmalysis of genomic DMA from placenta, 
25 peripheral blood lymphocytes, T cells, HeLa cells, or the 
tumor lines used in the RNA analysis above showed identical 
BaniHI digest patterns, indicating that rearrangement is not 
involved iii the normal expression of the CD2 gene during 
development. Similarly, no gross genomic alteration 
30 underlies the failure of the examined T cell tumor lines to 
express CD2 emtigen. Restriction analysis of total genomic 
DNA with a nizmber of other enzymes, as well as preliminary 
results with an incomplete collection of 1 phage 
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recombinants bearing the CD2 sequenc , shows that the gen 
is divided into at least four exons. 

Exan^le II Isolation and Molecular Cloning of Human 
LPA-3 Antigen ■ 

5 

The previous example shows that cmTAs encoding surface 
antigens, such as the CD2 antigen, can be Isolated by the 
transient expression system of the present invention, in 
which cos cells transfected with cl»A libraries are allowed 

10 to attach to ("panned" on) antibody-coated plates. Plasmid 
DMA is recovered from cells adhering to the plates, 
transformed into E. coll. and the process is repeated, 
usually twice, to Isolate the desired clone. Although 
powerful, this approach cannot be used when the monoclonal 

15 antibodies used for panning recognize determinants on the 
untransfected cells. This appears to be the case for anti- 
LFA3 monoclonal TS2/9. However, a similar transient 
eaepiression system based on polyoiBa virus replication- 
competent cells should allow almost all aonoclonals to be 

20 used, since the probability of cross reaction between 
murine antibodies and murine cell surface determinants 
should usually be small.. 

A new expression vector, CI»!8 (Figure 3) was created 
from the cos cell vector piH3M described previously. The 

25 new vector differs by the inclusion of a deleted version of 
a mutant polyoma virus early region selected for high 
efficiency expression in both murine and monkey cells, by 
the replacement of substantially all of the human 
immunodeficiency promoter region with the cognate sequences 

30 of the human cytomegalovirus immediate early promoter, and 
by inclusion of a bacteriophage T7 promoter between the 
eukaryotlc promoter and the site of cDMA insertion. 
Expression in COS cells of chloramphenicol 
acetyl transferase by all of the vectors was equivalent. 
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A library of 1.9 x 10* recombinants having inserts 
greater thsm O.S kb in size was pr pared in the CDiI8 vector 
from a microgram of poly A+ RNA isolated from the humem 
lymphoblastoid cell line JY. The library was introduced 
5 into WOP cells (NIH 3T3 cells transfected with polyoma 
origin deletion DNA) by spheroplast fusion, and subjected 
to three rounds of panning and reintroduction into gpj,! 
as described in Example I. 

A clone encoding the IiFA«»3 antigen was identified by 
10 indirect jbumunofluorescence of transfected WOP cells, 
amplified and sequenced (Figure 4). Within the 874 bp 
insert, an open reading frame of 237 residues originates at 
a methionine codon closely corresponding to the consensus 
sequence suggested by Kozalc, Microbio l > Rev, 47:1-45 
15 (1983). The reading frame terminates in a series of 
hydrophobic residues laclcing the characteristic basic 
anchoring residues of- internal membrane proteins, but 
sharing features with known phosphatidylinositol-linked 
siiperficial membrane proteins. The features include 
20 clustered serine or threonine residues in a hydrophilic 
region immediately preceding the hydrophobic domain, and 
the presence of serines and threonines in the hydrophobic 
portion. 

The amino acid sequence predicted from the nucleotide 
25 sequence of the LFA-3 clone was compared to the NBRF 
database, and no significant homologies were uncovered; the 
most significant scores were to the HIV envelope protein. 
Within the 200 residues comprising the presumed matiure 
protein are 6 N-lihked glycosylation sites, and 5 tandem 
30 serine or tandem threonine residues that frequently appear 
in O-l inked glycosylated proteins. Ten cysteine residues 
appear in the complete sequence, 6 of ^ich are distributed 
in the latter half of the mature protein, and one of which 
falls in the carboxy- terminal hydrophobic domain. Although 
35 esteri float ion of cysteine thiols to fatty acids is a 
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comnon occurrence in integral membrane proteins, and may 
play an alternate role in membrane anch ring of LFA-3, two 
examples are known of cysteine residues within or at the 
margin of the hydrophobic region of phosphatidyl inositol 
5 linked proteins. 

The predicted sequence suggests that the known 
manipulations for increasing erythrocyte adhesion to T 
cells may find direct physical explanation in the structure 
of the LFA-3 molecule. Aminoethylisothiouronium bromide, 

10 the thiourea adduct of bromoethylamine, undergoes 
spontaneous rearrangement to mercaptoethylguanidine at 
alkaline pH. The latter likely gains access to disulfide 
bonds inaccessible to less chaotropic reducing agents and 
may thereby reduce and promote the unfolding of the LFA-3 

15 molecule. Similarly, neuraminidase may decrease steric" 
interference by the many caiHaohydrate chains on the 
molecule. 

RNA and DNA blot hybridization analysis showed that 
the LPA-3 gene shares no closely related sequences in the 
20 genome, and encodes a single SNA species of about 1 kb in 
length. Cell lines that express large amounts of surface 
IiFA-3 have greater amounts of LFA-3 RNA than those that 
escpress small or nondetectable amounts. 

Radioimmunoprecipitation of the antigen expressed in 
25 transfected COS and murine cells shows a broad band of 
approximately 50 kd mean molecular mass, similar to that 
found in JY cells. 

Example III Isolation and Molecular Cloning of the Human 
CD2a GDWA Antigen 

30 The previous examples illustrate the monoclonal 

antibody-based technique of the present invention for 
enrichment of cDNAs encoding surfac antigens. In the 
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present exainple, a method of constructing plasmid 
expression libraries is described which allows the 
enrichment technique to be fully exploited. The method of 
the present invention for malcing plasmid expression 
5 libraries is of general use for expression cloning. 

The antibody selection technique of the present 
invention has also been applied to isolate a cDNA clone 
encoding the GD28 antigen. The antigen shares substantial 
homology with mmbers of the immunoglobulin superf amily and 
10 forms a dimer structure on the surface of transfected COS 
cells similar to the dimer structure found on T 
lynphocr^e^^. 

Preparation of cDNA Libraries 

Poly (A) + raiA was prepared from the human T-cell tumor 

15 line HPB*AIJ> by oligo(dT) cellulose chromatography of total 
RNA isolated by the guanidinium thiocyanate method 
(Chirgwin^ j^M. sfe.al^. Biochemistry 18:5294-5299 (1979)). 
cDMA was prepared by a protocol based on the method of 
Gubler and Hoffman (Gubler, U. et al. . Gene 2&;263-269 

20 (1982)) • 4:vug of mRNA was heated to approximately 100 'C in 
a 1.5 ml centrifuge tube for 30 seconds, quenched on ice, 
and the volume adjusted to 70 ul with RHAse-free water. To 
this were added 20 ul of buffer (0.25 M Tris pH 8.8 (8.2 at 
42 -C), 0.25 M KCl, 30 mM MgClj) , 2ul of RNAse inhibitor 

25 (Boehringer 36 u/ul) , 1 ul of IM DTT, 1 ul of 5 ug/ul of 
oligo dT (Collaborative Research), 2 ul of 25 nM each 
deoxynucleoside triphosphate (US Biochemicals) , and 4 ul of 
reverse transcriptase (Iiife Sciences, 24 u/ul) . After 40 
minutes at 42 *C, the reaction was terminated by heating to 

30 70*C for 10 minutes. To the reaction mix was then added 320 
ul of RNAse free water, 80 ul of buffer (0.1 M Tris pH 7.5, 
25 mM MgClg, 0.5 M KCl, 0.25 mg/ml BSA, and 50 mM DTT) , 25 
units of DJIA Polymerase I (Boehringer) , and 4 units of 
RNAse H (BRL) . After 1 hour at 15 "C and 1 hour at 22 "C, 20 
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ul of 0,5M EDTA pH 8.0 were added, the reaction mixture was 
extracted with phenol, NaCl was added to 0.5 M, linear 
polyacrylamide (carrier; Strauss, F. et al . . Cell 371889- 
901 (1984)) was added to 20 ug/ml, and the tube was filled 
5 with ethanol. After centrifugation for 2-3 minutes at 
12,000 X g, the tube was removed, vortexed to dislodge 
precipitate spread on the wall of the tube, and respun for 
1 minute. 

Unpurified oligonucleotides having the sequence 
10 CTCTAAAG and CTTTAGUVGCACA were dissolved at a concentration 
of 1 mg/ml, MgSO^ was added to 10 mM, and the DNA 
precipitated by adding 5 volumes of EtOH. The pellet was 
rinsed with 70% ETCH eatd resuspended in TE at a 
concentration of 1 mg/ml. 25 ul of the resuspended 
15 oligonucleotides were phosphorylated by the addition of 3 
ul of buffer (0.5 N Tris pH 7.5, 10 nM ATP, 20 mM DTT, sM 
spermidine, l mg/ml BSA, and 10 idf M^Cl2) and 20 units of 
polynucleotide kinase followed by incubation at 37 
overnight. 

20 3 ul of the 12-mer and 2 ul of the 8-mer 

phosphorylated oligonucleotides were added to the cDNA 
prepared as above in a 300 ul reaction mixture containing 
6 mM Tris pH 7.5, 6 mM MgCl^, 5 mM NaCl, 0.35 mg/ial BSA, 7 
mM mercaptoethanol, 0.1 mM ATP, 2 mM DTT, 1 mM spermidine 

25 and 400 units T4 DNA ligase (New England BioLabs) at 15' 
overnight. 10 ul of 0.5 M EDTA were added, the reaction 
was phenol extracted, ethanol precipitated, resuspended in 
a volume of 100 ul and layered on a 5 ml gradient of 5-20% 
potassium acetate in 1 bM EDTA, l ug/ml ethidium bromide. 

30 The gradient was spun 3 hoxirs at 50,000 rpm (SW55 rotor) 
and fractionated manually, collecting three approximately 
0.5 ml fractions followed by six approximately 0.25 ml 
fractions in microcentrifuge tubes by means of a butterfly 
infusion set inserted just above the curve of the tube. 

35 Lin ar polyacrylamide was added to 20 ug/ml, the tubes were 
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filled with ethanol, chilled, spun, vortexed and respun as 
above. The precipitate was washed with 70% ethanol, dried, 
and resusp«ided in 10 ul. 1 ul of the last 6 fractions was 
run on a gel to determine which fractions to pool, and 
5 material less than 1 kb in size was typically discarded. 
Remainii^ fractions were pooled and ligated to the vector. 

The complete sequence and derivation of the vector is 
shown in Figure 5. The vector was pr^ared for cloning by 
digestion ^th Bstx i and fractionation on 5-20% potassium 

10 acetate gfeiidiehts as described for the cI»lA. The 
appropriate band was collected by syringe under 300 nm UV 
lic^t and ethanol precipitated as above. cDNA and vector 
were titrated in test ligations. Usually 1-2 ug of 
purified vefctor were used for the cDNA from 4 ug of poly A+ 

15 RNA. The ligation reactions were composed as described for* 
the adapted addition above. The ligation reactions were 
transformed into MCl06l/p3 cells made competent as 
described above. The trsmsformation efficiency for 
siqpercolled vector was 3-5x10* colonies/ug. 

20 Recovery a nd Characterization of the CD28 clone 

Panning of the library was carried out as described 
herein above, using purified antibody 9.3 (DuPont) at a 
concentration of 1 ug/ml in the antibody cocktail. The 
methods -used for COS cell transf ection, 
25 radioimmunoprecipitation, RNA and DNA blot hybridization, 
and DNA seguencing were all as described herein abavB. 

To isolate the cn>28 cDNA, a large plasmid cDMA librso^ 
wats conistructed in a high efficiency expression vector 
containing an SV40 origin of replication. A preferred 
30 version of the vector, containing an N13 origin, is shown 
in Figure 6. : Three features of the vector make it 
particularly suitable for this use: (i) the eukaryotic 
trauiscriptxon unit allows high level expression in COS 
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cells of coding sequences placed under its control; (ii) 
Th snail size and peurticular arrangement of sequences in 
the plasmid permit high 1 vel replication in COS cells; and 
(iii) the presence of two identical Bstx i sites in inverted 
5 orientation and separated by a short replaceable fragment 
allotrs the use of an efficient oligonucleotide-based 
strategy to promote cDNA insertion in the vector. 

The fis^a cleavage site, CCAN*,NTG6, creates a four 
base 3 • extension imich varies from site to site. A vector 

10 was created in which two identical sites were placed in 
inverted orientation with respect to each other, and 
separated by a short replaceable segment of una. Digestion 
with Bsfexi followed by removal of the replaceable segment 
yielded a vector molecule capable of ligating to fragments 

15 having the seuae ends as the replaceable segment, but not to 
itself. In parallel, cMlA synthetic oligonucleotides were 
eapl^red that give the same termini as the replaceable 
segment. The cONA then could not ligate to itself, but 
could ligate to the vector. In this way, both cDHA and 
20 vector were used as efficiently as possible. 

Tailing with terminal transferase achieves the same 
end, but with less convenience and less overall efficiency. 
Moreover, homopolymer tracts located 5» to cIXTA inserts 
have been reported to inhibit expression in vitro and in 

25 3ci3£s (Yokota, T., et al.. Nucl. Acids Res. 11:1511-1524 
(1986); Riedel, H., £HB£LjIa. 1:1477-1483 (1985)). Similar 
approaches based on the use of partially filled restriction 
sites to favor insertion of genomic iXlAs (Zabarovsky, E.R., 
£t_ai^, gsQg 12:119-123 (1986)) and cDNAs (Yang, Y. , £t 

30 Al^, £sii 12:3-10 (1986)) recently have been reported. 
These approacdies give 2 or 3 base ccn^lementary termini, 
which usually ligate less efficiently than the 4 base 
extensions reported here. 
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AltaipQgh the cloning scheme of the present invention 
does not result in a directional ins rtion of th cDNA, the 
ability to make large libraries easily, coupled with a 
powerful selection procedure / makes directional insertion 
5 unnecessary • The library construction efficiencies 
observed atzcording to the present invention, between 0.5 
and 2x10^ xrecombinants per ug of bRHA, with less than 1% 
background and an insert size greater than 1 kb, conapared 
favorably with those described for phage vectors lambda 
10 gtlO (7.5 X loVug of ibRNA) and lambda gtll (1.5 X loVug of 
mRNA) (Huyxih, T. , et al. . in: DMA Cloning Vol. 1. A 
Practical Atmroach, Glover, D.M. (ed.), IRL Press, Oxford 
(1985), pp. 49-78); but the resulting clones were more 
convenient to manipulate. 

15 Surface smtigen CDNAs can be isolated from these 

libraries using the antibody enrichment method of the 
present invention. In this method, the library is 
introduced into COS cells (for exanple, by spheroplast or 
protoplast fusion), where it replicates and expresses its 

20 inserts. The cells are harvested by detaching without 
trypsin, treated with monoclonal antibodies specific for 
the surface antigens desired, and distributed in dishes 
coated with affinity purified antibody to mouse 
immunoglobulins. Cells expressing surface antigen adhere, 

25 and the remaining cells can be washed away. From the 
adherent cells, a Hirt fraction is prepared (Hirt, B. , 
Molec. Biol. 26:365-369 (1967)), and the resulting DNA 
transformed back into E. coli for further rounds of fusion 
smd sielection. Typically, after two rounds of selection 

30 with monoclonal antibodies recognizing different surface 
emtigens, a single round of selection is performed with a 
single antibody, or pool of antibodies recognizing the same 
antigen. 
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Isolation of a cnaa g-nw^ 

The C028 cI»lA was isolated from a library of about 3 
X lo' recoBibinants prepared from cDNA frcan 0.8 ug of poly A* 
RNA using an earlier version of the protocol described in 
5 the Materials and Methods. The library was screened for 
CD28 (and other surface antigen) cDMA clones by the aethod 
outlined above. After the third transfection, COS cells 
were panned with the 9.3 antibody alone. A Hirt 
supematimt was prepared from the adherent cells and 

10 transformed into K. coll. Plasmid DNA was isolated from 
eight colonies and transfected individually into COS cell 
cultures. The presence of the DC28 antigen was detected in 
three of eight tremsfected cultures by indirect 
immunofluorescence. All three plasmid DNAs contained an 

15 insert of about 1.5 kb. 

CDHA seauencse analvs<B 

The CD28 craiA encodes a long open reading frame of 220 
residues having the typical features of an integral 
membrane protein (Figure 17) . Removal of a predicted (von 

20 Heijne, Nucl. Acids Res. 11:4683-4690 (1986)) N-texminal 
signal sequence gives a mature protein of 202 residues 
comprising an extracellular domain with five potential H- 
linked glycosylation sites (Asn-X-Ser/Thr) , a 27-anino acid 
hydrophobic membrane spanning domain, emd a 4i-amino acid 

25 cytoplasmic domain. Coiqtarison of the amino acid sequence 
of CD28 with the National Biomedical Research Foundation 
database (Version 10.0) revealed substantial homology with 
mouse and rabbit immunoglobulin heavy-chain variable 
regions over a domain spanning almost the entire 

30 extracellular portion of CD28. Within this domain two 
cysteine residues in the homology blocks Leu-(Ser or Thr) - 
Cys and Tyr-(Tyr or Phe)-Cys are shared by CD28, CD4, CD8, 
immunoglobulin heavy- and light-chain variable sequences 
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and r lated molecules with approximately the same spacing 
(Maddon st^^O^, Annu. Rev, Biochem, 48:961-997 (1979)). 

CD28 cDNA directs the production of a homodimer — in 
trqpsf^cted COS <?e3,ls 

5 Inmunoprecipitation of CD28 antigen from transfected 

COS cells was carried out using the monoclonal antibody 9.3 
(Hansen, J.A. , ^^L^al^, iMBimQqgn^tiJBB 111:247-260 (1980) ) . 
The material obtained from COS cells migrated with a 
molecular veiight of 74 kd under nonreducing conditions and 

10 39 kd under reducing conditions, a pattern conisistent with 
homodimer formation. Under the same conditions activa-ted 
T cells give beinds with molecular weights of 87 and 44 kd, 
and HPB-ALL cells give bands of 92 and 50 kd, under 
nonreducing and reducing conditions respectively « The 

15 veuriation in molecular weight of the material obtained from 
different cell '^^pes arises as a result of differing 
glycosylation patterns cduuracteristic of each type. 
Similar re$iilts were observed with other leukocyte surface 
antigens f^eed et al, . Proc. Natl, ^sasL ggj ?SjV g7 

20 (1987)) • /IChe nucleotide sequence of the CD28 cDMA predicts 
a mature protein with molecule weight of 23 kd, much 
smaller than observed in these es^riments, and prcd>ably 
attributable to utilization of the 5 N-linked glycosylation 
sites predicted by the amino acid sequence. 

25 BfK^ blot ^n^lysis 

Equal amounts of total RNA prepared from cell types 
expressing or lacking CD28 were subjected to RNA blot 
analysis as described hereinabove. Four bands with 
molecular weights of 3.7, 3.5, 1.5, and 1.3 kb were visible 
30 in lanes containing RNA thymocytes, T blasts, senescent T 
cells, and the T cell leukemia cell lines PEER £md HPB-ALL. 
No bemds were detected in lanes containing RNA prepeored 
from the cell lines U937 (histiocytic leukemia) , HuT-78 
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(Adult T cell leukemia), Jurkat (T cell leukenia) , Namalva 
(Burkitt lymphoma), M0LT4, and HSB-2, all of which do not 
express CD28. The 1.5 kb transcript presvmably corresponds 
to the isolated cDNA, and the 3.7 and 3.5 kb species 
5 reflect inco]q>lete splicing or alternative polyadenylation 
site utilization. The 1.3 kb transcript nay terminate at 
an unconventional polyadenylation signal, since there is no 
obvious candidate in the sequence. 

The CD28 gene is not raarranaed 

DNA blot analysis (Seed et al.. Proc. Natl. Acad. Sci 
QSA 12 (1987)) of genomic DNA from placenta, peripheral 
blood lymphocytes, T cells, HeLa cells, or the tumor lines 
used in the RNA blot analysis above showed identical Dra 1 
digest patterns indicating that rearrzmgement is not 
involved in the normal expression of the CD28 gene during 
development. Similarly, no gross genomic rearrangement 
underlies the failure of the examined T-cell tumor lines to 
express CD28 antigen. It laay be inferred from the Dra l 
fragment pattern that the CD28 gene contains at least two 
introns. 

Bxa]q>le IV Isolation and Molecular Cloning of Two Buman 

CD7 Antinen enWAs 

The CD7 cluster of antibodies (Palker, et al . . 
Leukocyte Tvnina TT. Springer-verlag, New York, 303-313 
25 (1985)) recognized a 40 kd glycoprotein (gp40) on the 
surface of peripheral blood T cells and thymocytes. Early 
studies with anti-CD7 antibodies showed that CD7* T cells 
enhance immunoglobulin (Ig) synthesis by B cells (Hiroshima 
gt alw J. Immunol. 1091-1098 1982)), suppress B cell 

30 Ig synthesis when stimulated with Concanavalin A (Haynes fi£ 
Als.' Proc. Natl. Aead. Sci. U.S.A. 7615829-5833 (1979)) and 
are the precursors of the cytotoxic T cells generated in 
mixed lymphocytic culture (Morishima et al. . J. Immunol. 
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129 ; 1091-1098 (1982)). Furthermore, CD7 has been found to 
be the most r liable marker for the identification of T 
cell acute lyi^hoblastlc leukemia (Link et al». glQod 
722-728 (1983)). As such, studies have been carried 
5 out, in vrtiich cytotoxins coupled to the anti-CD7 antibody 
3A1 were used to purge bone manrow prior to reinfusion to 
avoid early relapse in autologous bone narrov transplants 
or as prophylaxis against graft vs. host disease in 
allogenic bone marrow transplants (Ramakrishnsm st alt» JL*. 
10 Tmraiol. 135 s 3616-3622 (1985)). Similarly, anti-CD7 
antibodies also show promise as immunosvq;>pressive agents in 
the treatment of allograft rejections (Raftery et a3.t> 
TT-ansnl. Proe. 17; 2737^2739 (1985)) vhtcb. is in accord with 
the recent observation that the anti-CD7 antibody 7G5 
15 significantly inhibits the primary mixed lyii5)hocyte 
reaction (Lazarovits et al. . T^nkoevte IVpina III. — Pxfprd 
nnlv. Press , oxford (1987)). 

At present the {diysiological role of CD7 is not 
understood^ It is known that anti-CD7 antibodies are not 
mitogenic, and do not block the T cells* response to PHA, 
or tetanus toxoid (Palker at al.. J^yif^ocYX^ TYP4nq> 
Springer-Verlag, New Yoric, 303-313 (1985)). Some have 
noted that expression of CD7 in thymocytes occurs prior to 
the onset of T cell receptor beta-chain rearrangement 
(Pittaluga et al. . Blood 68:134-139 (1986)) and have 
pointed to a possible role for CD7 in this reaarremgeiawnt 
and subsequent expression of the T cell ireceptor. It is 
clear that the cloning of the CD7 antigen would further 
efforts to - understimd its role in T cell i^ysiology. 
Nucleotide seguoicing and preliminary characterization of 
two cDNAs encoding the CD7 antigen was carried out 
according to the method of the present invention. Prompted 
by the recent suggestion that CD7 may be, or be paxt of, 
the T cell IgM receptor (Sandrin et al. . Leukocvte Tvoina 
ITT. Oxford nniv. Press. Oxford (1987)), the ability of COS 
cells expressing CD7 to bind IgM or IgM immune complexes 
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was evaluat d. The results do not support the simpl 
notion that C07 itself is an r ceptor. 

Prgpamign of cDNA library and rggovgry — aod 

characterization of CD7 clones 

5 Preparation of an HPB-ALL cDNA library in the 

expression vector piH3 was carried out as described herein. 
Panning of the library was carried out according to the 
method of the present invention, using purified anti-CD7 
antibody Leu9 (Becton Dickinson) and antibody 765 as 
10 ascites fluid was diluted 1/1000. Methods for cell 
trans feet ion, radioinmunoprecipitation, DNA and RNA blot 
hybridization and DNA sequencing were all as described 
herein. 

IQM and loG binding bv COS cells transfected with CD7 and 
15 CPy32 

Hunan IgM, IgG, and IgA antibodies, affinity purified 
FXTC conjugated goat anti-husian iansunoglobulins antibodies 
(anti-Ig(GfM+A)) , washed and preserved bovine red blood 
cells, and ZgG and IgM fractions of rabbit anti-bovine red 

20 blood cell antibodies were purchased from Cooper Bionedical 
(Malveme, PA) • COS cells were transfected by the DEAE 
Dextran method with cDNAs encoding the CD7, CDw32, and CD28 
surface antigens. 48 hours after transfection the cells 
were washed with PBS/ 0.5% BSA and incubated with either 

25 humsm IgM, IgG or IgA antibodies at a concentration of 1 
ug/ml, at 4*C for 2 hours. Subsequently the cells were 
washed with PBS/0.5% BSA and incubated for 30 minutes at 
4*C with FITC conjugated reddbit anti-human immunoglobulins. 
After washing the cells were examined with a fluorescence 

30 microscope. The experiments were also perfosnoed in the 
presence of 0.1% azide with the same results. 
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Bovine erythrocytes for rosette assays were prepared 
as described by Ercolani st-aL*.. J- Immunol, 127:2044-2051 
(1981). Briefly, a 2% suspension of bovine erythrocytes 
was washed with PBS/0.5% BSA and treated with 
5 subagglutinating amounts of either IgG or the Ic^ fraction 
of rabbit anti-bovine erythrocyte antibodies at 4*C for 1 
hour. Erythrocytes were then washed twice with PBS/0.5% 
BSA and adjusted to a 2% solution. 2 nl of antibody-coated 
erythrocytes were layered on 60 mm dishes containing COS 

10 cells vALicb had been transfected 48 hours earlier with 
either CD7> CD32 or CD28 by the DEAE Oextran method. The 
dishes wer^ then centrifuged at 150 X g at 4*C for 15 
minutes. ^isKez'^ additional 45 minute incubation at 4*C, 
the plates were gently waished 5 times with 5 mis of 

15 PBS/0.5% BSA, smd the COS cells were examined for rosette 
formation. These experiments were also performed in the 
presence of 0.1% sodium azide without alteration of the 
results. 

Formation of T cell ro settes with mtjrj:>o<aY'-Qoat;^ 

20 ^TythyQeytes 

Peripheral blood lymphocytes were obtained from 
heparinized blood by centrifugation at 4*C over a Picoll- 
Hypsujue gradient at 400 x g for 30 minutes. Leukocytes at 
the interface were washed two times with PBS. The 

25 leukocytes were adjusted to 10Y7 cells/ml in JMIM/10% Fetal 
Bovine Serum (FBS) emd incubated in tissue culture dishes 
at 37 'C for 30 minutes. Nonadherent cells were transferred 
to new dishes, and PHA was added to stimulate proliferation 
of T lymphocytes. On the next day the cells were washed 

30 with PBS and placed in fresh Ttsm/1.0%rBS. 

Rosette assays were performed three days later. Cells 
were washed with PBS/0.5% BSA, and a 10 ul suspension of 2% 
Ig-coated erythrocytes prepared as described above, was 
added to 10 ul of PBS/0.5% BSA containing 5 X 10^ cells/ml. 
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Th mixtures w re placed in Falcon round bottom 96 well 
plates and centrifuged at 150 X g for 15 min at After 
an additional incubation of 45 min at 4*C pellets were 
resuspended with 10 ul of PBS/0.5% BSA, and the rosettes 
5 scored by phase contrast microscopy. The experiments were 
carried out in both the presence and absence of 0.1% sodium 
azlde with no detectable difference. 

Isolation of ePWAs encodlnty l^h^ \}m^n C p7 antigen 

To isolate CD7 cDNAs, a large plasmid library was 
10 constructed in the e3<pression vector t3M as describe 
hereinabove. The library was introduced into COS cells by 
spheroplast fusion, and allowed to replicate and express 
its inserts. The COS cells were harvested by detaching 
without trypsin 48 to 72 hours after tramsfection, treated 
15 with monoclonal emtibodies specific for surface antigens 
believed to be encoded in the libraory, and distributed in 
dishes coated with affinity purified anti-mouse antibody as 
described herein. Under these conditions, cells expressing 
surface antigen adhere and the remaining cells can be 
20 washed way. 

A Hirt (Hirt, Mol, Biol, 2(&:365-369 (1967)) 

fraction was prepared from adherent cells, and the 
resulting DNA transformed back into E. colt for further 
rounds of fusion and selection. In the thiird round of 

25 selection the detached cells were treated with a mixture of 
monoclonal antibodies specific for CD7 (765 and Leu9) , and 
a Hirt supernatant was again generated and transformed into 
E* PQlj-* After transformation of the DNA into e. coli 8 
colonies were picked, and the plasmid DNA prepared from 

30 them by an alkaline miniprep procedure (Maniatis, et al. , 
MQlegttlar Cloning; A Laboratorv Manual, cold Spring Harbor 
Press, Cold Spring Harbor, New York (1982)). DNA was 
pr pared from 8 resulting colonies and trans fected into COS 
cells. After 3 days, surface expression of the CD7 antigen 
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was d tected by Indirect isuniinofluorescence in 7 of 8 
transf cted dishes. Restriction enzyme digest of the 
corresponding plasmid DNAs rev aled two species. One 
contained a 1.2 kb insert, and the other a 1.3 ldt> insejrt. 

5 CD7 cDNA sequence analysis 

Both ieolates were sequenced by the dideoxynucleotide 
method. The 1.2 Wo cDNA encodes a long open reading frame 
of 240 residues having the typical features of an integral 
membrane protein. The initial assignment of the signal 

10 sequence cleavage site by the method of von Heijne ( Nucl . 
^cids Res, 14;4€83-A69Q (1986)) vas at the 18th residue. 
It later vets determined, however, that the homology with 
immunoglobulin variable regions would better predict the 
mature terminus at residue 26; this assignment would also 

15 correlate well with the position of the intron as discussed 
below and as shown in Figure 8 . Removal of the predicted 
N-terminal signal sequence gives a mature protein of 215 
residues with a predicted molecular mass of 23 )cd. In the 
extracellular domain are two N-linked glycosylation sites 

20 (Asn-X-Ser Thr) , in agreement with the results of 
Sutherland et al. f J. Immunol. 133; 327-333 (1984)), who 
also showed the presence of 0-lin]ced glycems and covalently 
associated palmitic acid on the mature protein. In the 27 
amino acid hydrophobic membrane spemning domain is a single 

25 cysteine residue which may be the site of fatty acylation 
(Rose et al. . Proc. Natl. Acad. Sci. USA £1:2050-2054 
(1984); Kaufman et al. , J. Biol. Chem. 259:7230-7238 
(1984) ) . The length of the cytoplasmic domain, 39 
residues, is. in good agreement with the 30-40 amino acids 

30 predicted by protease digestion of the CD7 precursor in 
rough microsomal membrsme fractions (Sutherl£Uid et al . . J. 
laBSHnaU 121:327-333 (1984)). 

Sequence analysis of the 1.7 kb clone (Figure 8) 
revealed the presence of em intron located 121 bp from the 
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5' end. The 411 bp intron contains stop codons in all 
three reading frames and is locat d jiist dovnstreaa f the 
secretory signal sequence, as is frequently observed f r 
secreted or surface proteins. Both the S» and 3« ends of 
5 the intron conform to the splice donor/acceptor consensus 
AA6 6TRAGA/.../y^„HYAG A (Mount, Nucl, Acids Res, 10:459- 
472 (1982)). Because both the 1.2 and 1.7 kb clones 
expirees CD7 antigen equally well in COS cells, the intron 
must be excised in COS cells fairly efficiently. 

10 Co3v>arison of the amino acid sequence with the 

National Biomedical Research Foundation database revealed 
substantial homology with human and mouse immunoglobulin 
kappa chain auid T-cell receptor gamma chain variable 
regions over almost the entire extracellular portion of the 

15 molecule. Two cysteine residues shared in approximately 
equal spacing by all three stinictures fall in the conserved 
sequences Ile-Thr-Cys and Tyr-X-Cys. In kappa chain 
variable regions these cysteines form a disulfide bridge. 
The presence of at least one intrastrand disulfide bond in 

20 the CD7 structure has previously been proposed by 
Sutherland flit fJ- Immunol, 122:327-333 (1984)), who 
noted that imonunoprecipitaticm of CD7 gave rise to a band 
with an apparent molecular mass of 40 kd under reducing 
conditions and 38 kd under nonreducing conditions. 

25 Based on the homology with immunoglobulin V-regions, 

it is predicted that CD7 contains a disulfide bond linking 
Cys 23 and Cys 89. A second disulfide bond, linking Cys 10 
and Cys 117, has been piroposed, based on the structural 
similarity between CD7 and Thy-1. The extracellular 

30 domains of both Thy-1 and CD7 have 4 cysteine residues, in 
roughly homologous positions. The 4 cysteine residues of 
Thy-1 are joined in two internal disulfide bridges between 
Cys 9-111 and Cys 19-85 (Williams et al., Ssisnss 21fi:696- 
703 (1982)). In Thy-1, Cys 111 forms an amide bond with 

35 the ethanolamine moiety of a substituted 
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phbsphatldyllnositol, and is thus the last residue of the 
mature molecule (Tse et al, . Science 2:^; 1003-1008 (985)). 
In CD7^ Cys^'li? is followed by four repeats of a sequence 
whose consensus is Xaa-Pro-Pro-Xaa-Ala-Ser-Ala-Leu-Pro, and 
5 which, it is proposed, plays the role of a stalk projecting 
the V«-li]ce domain away from the surface of the cell. 

In addition to the homologies shown in Figure 20 and 
mentioned above, the extracellular domain of CD7 has 
significant homology with both chains of the rat CD8 
10 heterpdimer (Johnson et.al^. Nature 323; 74-76 (1986)), and 
the myelin protein (Lemke et al., fisll 40:501-508 
(1985)). 

CD7 dire cts the production of ft 40 — M — piTQt^jy^ — in 

fcransf ected COS cells 

15 Bnmunpprecipitation of CD? antigen from transfected 

COS cells was carried out as described herein using 
monoclonal antibody 7G5 (Lazarovits et al.. ISS3SSSS^ 
Typing III , ^Oxford Univ. Press, publisher, Oxford, England 
(1987) • The^ material obtained from COS cells migrated with 

20 as a broad band with molecular wei^t of 40 toi under 
reducing conditions. Under the same conditions HPB-ALL 
cells (the oimA donor line) and activated T cells gave 
bands with molecular widths of 41 and 39 kd respectively. 
In both the COS cell and HPB-ALL lane a faint band with 

25 molecular wei^t of 30 kd was also observed, possibly 
corresponding to a partially glycosylated precursor 
(Sutherland, D.R., et al. , TTrmtunQl, 133:327-333 (1984)). 

Equal amounts of total RNA prepared from cell types 
30 expressing or lacking CD7 were sxibj ected to Noirthem blot 
analysis as described herein. A single 1.3 kb species was 
visible in lanes containing RNA from thymocytes, activated 
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T cells, resting T cells, and the T cell leukemia lines 
HuT-78, HPB-ALL, JurJcat J3R7, HSB-2 and PEER. With the 
exception of the PEER cell line, n n of the T cell tumors 
shoved significant overexpression of CD7 transcripts. CD7 
5 RNA was detected in all of the thymus-derived cells, but 
not in RNA from 0937 (histiocytic leukemia) and Namalva 
(Burkitt Lymphoma) cells. »o band corresponding to the 1.7 
kb cDNA could be detected, suggesting that this species is 
artificially enriched during the cloning or library 
10 an^lification process. 

Enrichment during amplification seems unlikely because 
the 12 Jcb cDNA clone propagates as well in E. coli as the 
1.7 kb clone. However, immediately upstream and downstream 
from the site of insertion of the intron are sequences that 

15 could form an interrupted stem and loop structure. Eight 
of the 10 basepairs of the potential stem are GC pairs, 
perhaps giving the structure sufficient stability to 
interfere with elongation of the cUIA first strand. The 
presence of the intron greatly separates the two halves of 

20 the stem, potentially eliminating the structure via 
unfavorable loop entropy and allowing efficient first 
strand synthesis. 

The CD7 gene is not r^«T^;%T?q?fl 

Southern blot analysis of genomic DNA from placenta, 
25 peripheral blood lyiqphocytes, T cells, HeLa cells, or the 
tumor lines used in the RNA blot analysis above showed 
identical Dra 1 digest patterns. Thus, the CD7 gene is not 
grossly altered during development, and the high level of 
expression in the PEER cell line is not the consequence of 
30 a substantial genomic rearrangement. 
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COS cells exbressincr CD7 do not bind XcM 

Human peripheral blood T lymphocytes express receptors 
for IgM antibodies (FcRu: Moretta et al, , Eur, J, Immunol, 
5:565-569 C1975) ; McConnell et al. , Immunol. 30:835-837 
5 (1976)) . Recently it has been reported that CD7 might play 
a role in IgM binding by T cells (Sandrin et al . . Leukocyte 
yypinqr III . Oxford Univ. Press, publisher, Oxford, England 
(1987)). ^ cells, normally CD7" and FcRu', become CD7* and 
FcRu^ irfieii; transfected with a 16 kb genomic fragment 

10 encoding the CD7 antigen (Sandrin et al.> i.eu]cocvi:e Typing 
III . Oxford Univ. Press, publisher, Oxford, England 
(1987)). Furthermore, IgM binding to CD7 -positive cells 
can be blocked by the €mti-CD7 monoclonal antibody Huly-m2 
(Thurlow et al ^ . Transplantation 38: 143-147 (1984)), and 

15 IgM columns bind a 37 kd protein from radiolabeled lysates 
of periphereil blood T lymphocytes (Sandrin et al. . 
Iif^^ l KO TYte Typing III . Oxford Univ. Press, publisher, 
Oxford, England (1987)). 

Accordingly, COS cells es^ressing CD7 were tested for 
20 their ability to bind IgM. I0f receptor activity was 
assayed either by direct binding (Hardin et al . . Proc. 
Natl. Acad; Sci. USA 76:912-914 (1979)) or by a rosette 
assay with ox erythrocytes coated with an I^ fraction of 
rabbit anti-bovine red cell seirum as described by Ercolani 
25 et al. - TTumtinol. 127:2044-2051 (1981)). Cells 

expressing :CD7 neither bound human IgM nor formed rosettes 
with I^r-coated erythrocytes. Under the same conditions, 
COS cells transfected with a cDNA encoding the human IgG 
receptor CQw32 bound IgG directly and formed rosettes with 
30 IgG-coated ^erythrocytes. Erythrocytes coated with IgM or 
IgG antibodies also adhered to a fraction of peripheral 
blood lym{^ocytes as reported (Moretta et al. * Bur. J. 
Ipffiun93-f 1:565-569 (1975) ) . 
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These r suits do not support th not! n that the CD7 
antigen is by itself an 1^ receptor, although they do not 
exclude th possibility that COS cells suppr ss Ic^ binding 
activity in some manner, or that CD7 is part of, or 
5 modified to become, an IgM receptor. That CD? is not by 
itself an IgM receptor is supported by the obsezrvation that 
a number of CD7* T cell lines are FcRu-*(Sandrin et al, . 
Leukocyte Typing TTT^ Oxford Univ. Press, publisher, 
Oxford, England (1987)). 

10 Example V Isolation and Molecular Cloning of the Human 

CIXir32 Antigen \ 

A cDNA encoding the human CDw32 antigen, a human 
receptor for immunoglobulin 6 constant domains (Fc 
receptor), was isolated by the method of the presentf 

15 invention, by virtue of its affinity for its ligand, igG. 
The sequence of the isolated clone is most closely related 
to the murine beta 2 Fc receptor, but has diverged 
completely in the portion encoding the cytoplasmic domain. 
The receptor expressed in COS cells shovs a preference for 

20 IgG, among IgG subtypes, and no affinity for IgM, IgA or 
igE. 

To isolate the Fc receptor clone, cDNA libraries were 
prepared from tumor cell lines or from a humm ttmor and 
transfected into COS cells. After 48 hours, the cells were 

25 treated with mouse or human IgG zuitibodies, and allowed to 
settle on dishes coated with affinity-purified sheep anti- 
mouse IgG or goat anti-human IgG antibodies. After lysis, 
UTA recovery, and traxisformation in E, coli ^ the cycle was 
repeated for two more rounds. Although no positive clones 

30 were isolated from the tmor line libraries, a cDNA clone 
encoding an Fc receptor was isolated from a library 
prepared from a himan adrenal tumor. It has been 
discovered that many tumors are heavily infiltrated by 
macrophages and lymphocytes. Thus, tumor RNA may. be a 
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productive source in gen ral for transcripts of human 
Biacroidiages. 

By indirect ixmimofluorescence assay, the human 
receptor e3tpressed on COS cells bound all mouse and human 
5 IgGs with relatively low affinity -lO^^M) , and a clear 
discrimination was noted among human antibodies for IgG,. 
Human IgM/ IgA,, IgAg, and IgE did not bjLnd, nor did murine 
IgM or IgA. As expected, human Fc, but not Fab fragments, 
bound to the transfected cells. Among monoclonal 

10 antibodies donated to the Third International Worktop on 
Leukocyte pifferratiation Antigens, three gave strong 
positive immunpfluorescence: two (out of two) recognizing 
the Fc Receptor CDw32 determinant, and one (out of four) 
recognizing the CD23 (B cell IgE Fc receptor) determinant. 

15 Monoclonals reicognizing the T cell/Macrophage Fc receptor 
antigen CDi6 gave only weak immunofluorescence c om p ar able 
to that shown by control eiscites. 

Radiolmmunoprecipitation of transfected 006 cells with 
CDW32 antibodies showed the presence of a single 40 kd 

20 species, c«imparable in size to the antigen recognized on 
the surf ace of the myeloid CDw32^ line HL-60, and to the 
less abundant antigen present on the histiocytic leukemia 
line 0937. This result reinforces the notion that the 
isolated receptor is CDw32, as the CD16 receptor is 

25 reported to be substantially larger (60-70 kd) • 

The nucleotide sequence of the isolated receptor 
(Figure 9) is highly homologous to that of members of the 
recently isolated murine receptor family, and most closely 
related to the murine beta2 receptor by nucleic acid 
30 homology. Surprisingly, the murine beta2 receptor is found 
on T and B lymphocytes emd macrophages, %rtiile the alpha 
receptor is rest^ricted to macrophages; in the human system, 
CDW32 (shown here to be beta^-like) is restricted to 
macrophages while another Fc receptor (CD16) is found on 
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lymphocytes and nacr phages. The human sequence appears t 
have div rged from the mouse s guencse by insertion of 
approximately 1 kb of DMA a few bases 3* to the junction 
between the transmembrane and cytoplasmic domains. The 
5 junctions of the insertion site do not show obvious 
relationships to splice donor and acceptor sequences. 
Comparison of the huaan and murine peptide sequences showed 
that the peptide sequence diverges at the end of the 
transmembrane domain, before the nucleotide sequence 
10 diverges, suggesting the existence of a selective pressure 
favoring the creation of a differenct cytoplasmic domain. 

RHA blot analysis showed that myeloid but not 
lya^hocytic cell lines estpressed RHA homologous to the 
CDW32 probe. DNA blot analysis showed multiple bands 
15 consistent with the existence of a small multigene family. 

Example VI Isolation and Molecular Cloning of Two cONA 
Clones Encoding the B Lyn^hocyte-specific 

CD20 fBl. BD351 Ani-ief^r, ' 

Recent studies suggest that the pan B cell antigen 
20 CD20 (Bl, Bp35) plays an important role in B cell 
activation. Monoclonal uitibodies (mAb) to CD20 induce 
different cellular responses depending on the antibody used 
and the stage of differentiation or activation of the 
target B cells. The monoclonal antibody 1P5 activates 
25 resting B cells by initiating the transition from the to 
the phase of the cell cycle, and induces dense tonsillar 
B cells to proliferate (Clark fi£_al^, Proe. Matl. ac^^a. 
m fi2:1766 (1985); Clark and Shu, J. Immunol. I2a:720 
(1987)). However, 1P5 does not induce an increase in 
30 cytoplasmic free calcium and does not induce circulating B 
cells to proliferate (Rabinovitch sSL_aLu, In: Leukocyte 
Typing 7,11 (McHichael, Ed.), p. 435, Oxford University 
Press (1987)). other anti-CD20 mAbs, such as Bl, have been 
shown t block B cell activation (Tedder et al. . 
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imnunol, 13S ;973 (1985)) and both 1F5 and Bl can inhibit B 
c 11 diffei^^tiation (Golay et al. , Jt Imniwiol,. 1^5:3795 
(1985) ) . > Recently it has been suggested that 
phosphorylation and internalization of CD20 may be 
5 necessary stieps for B cell entry into the phase of the 
cell cycle (Valentine et al, . In: L^i^Kocy^e TVPinq 
(HcMichael, Ed.)f P- 440^ Oxford University Press (1987)). 
In the present example, two CD20 cDNA clones were isolated 
and eaqpressed using the methods of the present invention. 

10 Prenaratio n of cDNA Library and Recovery Qf cpyA Qloms by 

Poly (A)* BNA vais prepared from the human Burkitt cell 
line Daudi oligo (dT) cellulose chromatography of total 
SNA iiBolatjod by procedures described herein. cDNA 
15 preparation and expression library construction were 
carried out eis described* 

Anti CD20 mAbs 1F5, 2W7 , Bl, L27, G28-2, 93-1B3, B-Cl, 
amd NU-B2 were obtained from the International Leukocyte 
Typing World^hop (Valentine et al. . In: If^ul^^cyi^g TYPjpq 

20 XI£ (McMicshael, Ed.). P- 440, Oxford University Press 
(1987)). Purified mAbs were used at a concentration of 1 
ug/ml and ascites were used at a dilution of 1:1000. 
Panning was /done accordiiig to the present method. In the 
first round of screening, eight 10 cm dishes of 50% 

25 confluent cos cells were trzmsfected by the DBAE-Dextran 
method. Subsequent screening cycles were performed by 
spheroplast fusion. 

Immnnoprecipitatlon , secm encina . RNA and DN^ Blot 

Hvbridization 

30 B cell lines CESS and Daudi were metabolically labeled 

with ^S-methionine and ^S-cysteine for 6h at 37 'C. COS 
cells transf ected by the DEAE-Dextran method were similarly 
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10 



labeled 36 hours post-transf ction. The labeled cells w r 
incubated with the Bl mAb (Coulter) at 4'C for Ih, washed 
in PBS, and lysed with 0.5% HP-40, 0.1% SDS, 0.05% 
deoxycholate and 1 nM PMSF in PBS. After centrifuging 
(13000xg, 5 min. ) , the lysate was incubated with fixed S. 
asaasiSi cells (Calbiochem) for 1 hr at 4'C. The s. aureus 
cells were pelleted, washed 5 tines with l%NP-40/PBS, 
eluted and electrophoresed throu^ 12.5% polyacrylaaide 
gels. 

DNA and RNA blot analysis and hybridization probe 
preparation were carried out as described. Sequencing was 
done by the method of Sanger gt al.. Proe. Wati , Acad. Set. 
HSA 24:5463 (1977)) . The nucleotide sequence of the CD20.4 
cDNA is represented in Figure 10. 

15 Two cONA clones, bearing inserts of 1.5 (CD20.4) and 

1.0 kb (CD20.6), were isolated from a Daudi cell DNA 
library by panning with a panel of aAbs against CD20. COS 
cells transfected with either clone reacted with all 
nenbers of the panel of antibodies. lamiunoprecipitation of 
the cDNA-encloded protein from transfected COS cells showed 
two bands of 32 and 30 Jed reminiscent of the 37 and 35 kd 
bands observed in different B cell subsets and lines 
(Valentine st_aLt» "Structure and Function of the B Cell 
Specific 35-37 kDa CD20 Protein," in: Leukocyte Tvnina 
^* Mcaiichael gt at«» eds., Oxford University Press, p. 
440 (1987)). It has been the e3Q>erience of the present 
inventors that the molecular masses of surface antigens 
expressed in COS cells are consistently smaller than those 
of their native counterparts. This may be due to 
30 differences in glycosylation. 

Both cDNA dlones have the sane coding sequence, and 
differ only in the 3» untranslated region. The insert in 
clone CD20.6 has a short polyA tail and lacks a consensus 
polyadenylation signal, while the insert in CD20.4 lacks a 



20 
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polyA tail and extends 431bp beyond the 3' terminus in 
CD20.6 (Fig* lOA). 

BHA blot analysis showed that three transcripts of 
3.8, 3.0 and 1.5 lOo were present in B cells but absent from 
5 other cell types, in agreenent with the known pattern of 
antibody reactivity (Clark et al. . proCt Watlt ftg^^^t Sgi- 
USA S^tl7€6 (1985); Clark ft al. ^, Immmpa.. 13£:720 
(1987) ; Tedder stJftLt, .T. Tamunol. 125:973 (1985) t Golay sfe 
SJU., J. iiMunol. 12£:3795 (1985)) . It appears likely that 
10 the CD20.6 clone is derived from the 1.5 kb transcript or 
possibly from an even shorter, undetectable species. 
Because the CD20. 4 Clone lacks a poly (A)* tail, its source 
cannot be inferred at present. 

DNA blot analysis showed that the CD20 genomic 
15 sequences are not rearranged during development and are not 
uglified Jii the cell lines examined. A restriction 
fragment length polymorphism was observed in a UNA sample 
obtained from placenta. 

The amino acid sequence predicted by the cDMA contains 
20 297 residues and has a molecular mass of 33,097 daltons. 
The sequence contains three major hydrophobic stretches 
involving r^idues 51-103, 117-141 and 183-203 (Fig. 10). 
Two other notable characteristics are the absence of an 
amino-terminal signal peptide and the presence of a highly 
25 charged carboxy-terminal domain. A polyclonal anti-CD20 
antibody ttiat recognized the last 18 residues of the 
ca:^3^'!-tscpBinus reacts with lysates of cells esqpressing 
CD20 but nbt with intact cells, suggesting that the CD20 
carboxy termin\is is located within the cytoplasm. Since 
30 there is no amino-terminal signal peptide, it is likely 
that the amino-terminus is also intracellular, and that the 
first hydrophobic region acts as an internal membrane 
ins rtion signal (Zerial st_3li, l2SQ_i. S:1543 (1986)). 
The first l^^ophobic region is conposed of 53 residues and 
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Is therefore long enough to span the membrane twice if 
organized as an alpha helix. Because ther ar two 
remaining hydrophobic regions, the intracellular 
localization of the carboxy-terminus requires that the 
5 first hydrophobic dcmiain exit the membrane on the side. 
Alternatively, the carboi^-terminal antibody may only 
recognize epitopes exposed by detergent treatment allowing 
the carboxy-terminus to be extracellular and forcing the 
first hydrophobic domain to exit the membrane on the 

10 extracellular side. The sequence contains 2 potential K- 
glycosylation sites (Asn-Xaa-Ser/Thr, where Xaa cannot be 
Pro (Bause, Bioehem. 2iZ&:331 (1983)) at positions 9 and 
293, but neither of these is expected to be used if located 
in intracellular domains of the molecule. The difference 

15 in molecular mass between CD20 eacpressed on COS cells and 
on B cells is therefore presumably due to 0-linked 
glycosylation, although other forms of post-translational 
modification are not excluded. If the carboxy-terminus is 
intracellular, the only extracellular domain would lie 

20 between residues 142 and 182. This region is rich in 
serine and threonine residues which might support 0- 
glycosylation. 

The observation of two protein species in COS cells 
cannot be explained by alternate splice formation because 

25 the cDNA sequence does not contain any promising splice 
donor or acceptor sequences (Shapiro wucl. Acids 

BSSjl 15:7155 (1987) )• A difference in glycosylation or 
alternate translational initiation site selection may 
accoimt for the two species observed. Initiation at either 

30 the f iirst or the second ATG gives protein moleculsur masses 
of 33.1 and 30.8 kd respectively, in good agreement with 
the sizes observed in COS cells. Neither ATG is embedded 
in the consensus sequence proposed by Kozak f Nucl . Acids 
fiss^ 12:857 (1984) ) . Use of alternate initiation sites has 

35 be n reported for several proteins (Kozak, Nucl> Acids Res, 
12:857 (1984)). 
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Comparison o£ the peptide sequence with 1:he sequences, 
in the National Biomedical Research Foundation database 
shoved no significant homology by the FASTP rapid sequence 
alignment ailgorithm. Because the bulk of the protein 
5 appears to be confined to the interior of the membrane and 
the cell, it seems plausible that it may play a role in 
transducing signals from other transmembrane proteins to 
the cell iiiterior. Consistent with this role is the 
relatively hydrophilic nature of the hydrpjdiobic regions 
10 lAich might allov hydrogen bond interactions with the 
transmembrane portions of other proteins. 

Example VXI Isolation axiA Molecular Cloning of ZCAM, An 
Adhesion Liaand of UA-1 , 

Antigen-specific cell contacts in the immune system 

15 are strengthened by antigen-non-specific interactions 
mediated in pairt by lymphocyte function associated or LFA 
antigens (Sprli^er, T.A., et al, , Annu, Rev^ laominol, 
£:223-252 Cl?87) ; Anderson, D.C., et al,. Amrn, Rev, 
Medicine £:175-194 (1987)). The LFA-l antigen, a major 

20 receptor of T cells, B cells and granulocytes (Rothlein, 
R., et al,. Ram, Med, 163S1132-1149 (1987)), is involved in 
cytolytic conjugate formation, antibody-dependent killing 
by NK cells and gx^ulocytes, and helper T cell 
interactions. LFA-1 has been placed in the integrin family 

25 of cell surface receptors by virtue of the high sequence 
similarity between the LFA-l and integrin beta chains 
(Kishimoto, T.K., et al. > Cell 48:681-690 (1987)? Hynes, 
R.O. Cell 48s 549-554 (1987)). The adhesion ligands of the 
integrin ffunily are glycoproteins bearing the Arg-Gly-Asp 

30 (RGD) sequence motif, e.g., fibronectin, fibrinogen, 
vitronectin and von Willebrand factor (Ruoslahti, E., e^ 
al. . Cell 44; 517-518 (1987)). 

In this exan^le, the Intercellular Adhesion Molecule-1 
(ICAM-1), a ligand for LFA-1 (Rothlein, R. , et al. . J\ 
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ImnnnQl , 127:1270-1275 (1986)? Dustin, M.L. , et al. , J. 
Immunol . 137 ; 245-254 (1986)}, was cloned according to the 
m thods of the present invention • ICAM contains no R6D 
motifs, and instead is homologous to the neural cell 
5 adhesion molecule NCAM (Cunningham, B.A. , et al. Science 
224:799-806 (1987); Barthels, D., et al, . EMBO J, 6;907-9l4 
(1987) )• COS cells transfected with the ICAM cONA clone 
bind myeloid cells by a specific interaction which can be 
blocked by monoclonal antibodies directed against either 
10 LFA-l or ICAN-l. 

A cDNA library was constructed using RNA prepared from 
HL60 cells induced with phorbol myristyl acetate (FMA) • 
The library was transfected into COS cells and cells 
expressing surface antigens were recovered according to the 

15 methods of the present invention by panning with the anti- 
ICAN monoclonal antibodies (mAbs) 8F5 and 84H10 (Nc^chael, 
A.J., et alt# eds.. Leukocyte Typing III, White Cell 
Differentiation Antiqang, Oxford University Press (1987) ) . 
Bpisomal WA was recovered from the panned cells and the 

20 expression-panning cycle repeated a further 2 times to 
obtain a cDNA clone designated pICAM-1. 

COS cells transfected with pICAM-1 gave positive 
surface imoBiunof luorescence reactions with three anti-ICAM-1 
antibodies: 8F5? 84H10; and RR-1. Ijamunoprecipitation of 

25 piCAM-l-transfected COS cells with the mAb 84H10 gave a 
band of molecular mass 100 kd. 30) . A slightly larger 
protein of 110 )cd was precipitated from HI16O cells induced 
for 48 hours with either phorbol myristyl acetate (FMA), 
gamma-interf eron (gamraalFN) , tumour necrosis factor (TNF) , 

30 or interleukin-1 beta (IL-1 beta) , but was absent from 
uninduced cells. The smaller molecular mass of ICAM-1 
expressed in COS cells is consistent with the lower 
molecular masses observed for other surface antigens 
expressed in COS cells. 
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RMA blot analysis shewed 2 species of 3.2 kb and 1.9 
Icb pres nt in HL60 c lis stimulat d with either PMA, gamma 
IFN^ TNF or iL--l gamma, but absent in uninduced cells. 
Xhus, the eacpressipn of ICAM-1 is regulated by a number of 
5 cytokines, . apparently at the level of transcription. 
Similar sp^ies were present in B cells (JY and Raji) , T 
cells (Peer and T blasts) and Lymphokine Activated Killer 
cells (LAK) . The structure of these ZCAM-1 transcripts and 
their relationship to the pICAM-l cDNA remains to be 
10 established. Blot hybridization of genomic IXIA frc» 
placenta rciirealed a pa[ttem consistent with a single ccqpy 
gene. 

To investigate whether pICAM-1 encodes a functional 
cell adhesion molecule , COS cells expressing ICAM-1 were 

15 tested for their ability to bind EL60 cells. After 30 
minutes at 37*C in the presence of Mg^, HL60 cells strongly 
adhered to the XCAMr^e3q>ressing COS cells, but not to mock 
transfected; cells/ The specif icity of this adhesion was 
demonstrate by preincubating the ICAM-I expressing COS 

20 cells with mAb 84H10. All HLeo binding was abolished under 
these conditions. An isotype matched monoclonal antibody, 
W6/32, irtiidh recognizes a monomorphic HLA-ABC related 
determinant of approximately equal abundance to ICAM-1 on 
transfected COS cells, had no effect on the adhesion. 

25 Similarly, preincubation of the HL60 cells with either 
84H10 or WG/32 did not inhibit binding. 

To determine if LFA-1 was acting as the receptor for 
ICAM-1 in this system, HL60 cells were pretreated with 
antibodies . against the beta chain of i;fa-1 (CD18 
30 (McMichael, A. J. . et al. , eds., Leukocyte Typing III. 
White C^3,X Pa^fferent^fttiop Antigeps, Oxford University 
Press (1987))) and then subjected to the binding assay. 
All adhesion to ICAM-expressing COS cells was blocked. 
Pr tr atm nt of COS cells with the CD18 antibodies had no 
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effect on the adhesion. This provides direct evidence that 
ZCAN-1 is indeed acting as an adhesion ligand for LFA*1. 

The sequence of the pICAM-1 cDNA insert consists of 
1846 nucleotides (Fig. 11) . The predicted peptide sequence 
5 of 532 residues has the typical features of a trzmsmembrane 
protein including a putative signal sequence, vhibh nay be 
cleaved between glycine-25 and a8paragine-26 (von Heijne, 
G., Wucl. Acids Res^ lAgAgfiWfiQo (1986)), and a single 25 
residue nenbrane-spanning domain terminating in a short, 

10 highly charged cytoplasmic domain. The extracellular 
domain contains seven potential N-linked glycosylation 
sites which could adequately explain the difference in size 
between the deglycosylated precursor (55 kd) and the final 
product (90-115 )cd) (Dustin, M.L., et al,, J, Immunol, 

15 127:245-254 (1986)). Differential use of these putative 
glycosylation sites could also explain the heterogeneous 
molecular mass of lCMf-1 observed in different cell types 
(Oustin, M.L., sSljU^, J, Immunol. 137s2A5-2SA (1986)). 

LFA-l is a member of the integrin family of cell 

20 surface receptors (Kishimoto, T.K., et al. . Cell 48 = 681^690 
(1987); Hynes, R.O., Qsll 48:549-554 (1987)). The 
tripeptide motif Arg-Gly-Asp (RGD) is a common featture of 
the ligands for this family, e.g., fibronectin, fibrinogen, 
vitronectin and von Willebrand factor, and is crucial for 

25 ligand-receptor interaction (Ruoslahti, E, et al . , cell 
Ms 517-518 (1987)). However, ICAM-1 contains no RGD 
motifs, bearing instead a single RGB sequence at position 
152. A search of the National Biomedical Research 
Foundation (Dayhoff, M.O., et al.. Methods Enzvmol. 91 > 52 A- 

30 545 (1983)) (NBRF) database revealed no significant 
similarities to other proteins. However, a coiQ>arison to 
a laboratory database containing recently published surface 
proteins did reveal a surprising and signific€mt similarity 
between ICAM-1 and the neural cell adhesion molecul NCAM-1 

35 (Cunningham, B.A., et al.. Science aiS:799-806 (1987); 
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Barthels/ D., et al. , iMBQ J, 1:907-914 (1987)). The 
optimal alignment score obtained using the NHRF ALIGN 
program is 8 standard deviations above the meem score 
obtained from 500 random permutations of the sequences. 
5 The probability of the spontaneous occurrence of an equal 
or higher score is approximately 10*^. 

Using a database of known immunoglobulin related 
sequences, it has been shown that ICftM*! may be divided 
into five Ig dOTaihs (28-112, 115-206, 217-310, 312-391, 

10 and 399-477) each of which shows significant similarity 
with other members of the Ig superfamily (Williams, A.F. , 
Immunol > Tocfav 8S298-3-3 (1987)) . For example^ domain I is 
similar to CD3 whilst domains IV and V are similar to 
domains of myelin associated glycoprotein (Arguint, M. , s& 

15 Pil.- Proc. Hatl, A cad. Sci. USA 84;600-604 (1987)) and 
carcinoembryonic antigen (Beauchemin, N., et al>. JH9\f 
Cell. Biol. 7 2 3221-3230 (1987)). All five Ig domains of 
NOAM align with the Ig segments in ICAK, and the principal 
contribution to the similarity comes from domains II and 

20 III of ICAM. Finally, the T cell-specific adhesion 
molecule CD2 shows roughly the same similarity to NCAN as 
does ICAM, but ICAM and CD2 are only weakly related. Thus, 
some precursor of NCAM is ancestral to both ICAM and CD2. 

The availability of a functional ICAM-1 cMlA will 
25 allow a better assessment of the role of ICAM-l/LFA-l 
mediated adhesion in antigen-specific leukocyte function, 
including T-K^ell mediated killing, T-helper responses and 
emtibody-dependent cell mediated killing. 
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Example VIII Isolation and Mol cular Cloning f the Hinaari 
CD19, CD2Q, CDw32a. CDv32b and CD40 Antigens 

The rapid immunoselection cloning method of the 

present invention was applied to isolate and clone the 

5 CD19, CD20, CDv32a, CDv32b, and CD40 antigens. The 

nucleotide sequence of CD19i8 shown in Figure 12. The 

nucleotide sequence of CD20 is shown in Figure 13. The 

nucleotide sequence of CDw32a is shown in Figure 15. The 

nucleotide sequence of CDw32b is shown in Figure 16. The 
10 nucleotide sequence of CD40 is shown in Figure 17. 

Example IX Cloning. Sequence and Expression of CD36 

To isolate a cDNA clone encoding CD36, a human 
placenta cDNA (Simmons and Seed (1988) Nature 333x568-570^ 
was transferred into COS cells using DBAB-Dextran as a 
facilitator (Example I, fiUBEai) • 48 hours posttransfection 
the cells were detached from the dishes without trypsin, 
incubated with monoclonal anti-CD36 antibodies 5F1 
(Bernstein et al. (1982) J, Imminol , 128 :876-881^ (Andrews 
et al. (1984) J. Immunol. 12&:398-*404) and panned on dishes 
coated with goat anti-mouse iamunoglobulin antibodies. 
Nonadherent cells were removed by gentle washing, the 
adherent cells were lysed, and episomal plasmids recovered 
from the cells were purified and transformed into E. coli . 
After two similar rounds of enrichment following 
spheroplast fusion, plasmid DNAs recovered from 11 out of 
12 randomly chosen colonies were found to direct the 
appearance of CD36 determinants in transfected COS cells. 

Two of the clones were chosen at random for further 
analysis. Both bore inserts of about 1.9 kb, and showed 
30 identical restriction enzyme fragment patterns. COS cells 
transfected with either of these clones reacted with 
monoclonal antibodies 5F1 and F13, and with 0KM5 (Ortho, 
Raritan, NJ) . Immunoprecipitation of transfected cells 



15 



20 



25 



wo 92/01049 



PCr/US91/04986 



90 

with a pool of aiiti^C?D36 antibodies revealed tixB presence 
of an 83 kd iBol^^ n trans feet d cos cells and 

C32 melanqaa cells, and absent from control (CD25- 
transfected) COS cells, A high molecular weight species, 
5 possibly dimeric CD36, was immunoprecipitated from the 
transfected COS cell lysate, but not from the C32 cell 
lysate. The nucleotide sequence is given in Table 1. In 
Table 1, the nucleotide sequence nuaibering is shown in the 
left margin at the beginning of each line. The deduced 

10 amino acid sequence is shown as single letter code 
underneath the beginning of each coding nucleotide triplet, 
with the ihitiatioh methionine indicated by the number 1 
above the ijxLtiator codon. The potential sites of N-linked 
glycosylatbii in the derived amino acid sequence are 

15 underlined by a single dashed line. The putative 
transmembrane domain is double-underlined. Although two 
consensus polyadenylation (AATAAA) motifs are found in the 
cI»IA, there is no poly (A) tail , and none of the RNA species 
observed b^^ blot hybridization are short enough to 

20 correspoi^ to pblyadmylation at these sites, assuming that 
the transcflpts bear the same approximate 5* end as 
observed in the clone. The presumed initiation codon is 
not the f irialt ATG found in the clone, but the previous two 
are closely followed by in-frame termination codons. The 

25 predicted initiator methionine is followed by a short 
hydrophobic region resembling a secretory signal sequence 
for which, however, no clear identification of the cleavage 
site can be made. The recent determination of Ted>le 1 the 
amino terminal 36 amino acid sequence (Tandon et al. 

30 Biol. Chem. 264; 7570-7575 (1989)) indicates that the mature 
polypeptide begins at the amino acid residue immediately 
following the initiator methionine. It is not clear 
whether the single Arg residue preceding the hydrophobic 
region would be sufficient to allow amino terminal membrane 

35 anchoring. The resulting polypeptide possesses 471 
residues with a predicted molecular weight of about 53 kd. 
The propos d extracellular domain is followed by 27 
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predoBlnantiy hyilrcaphobic residues corresponding to a 
transmembrane domain, and 6 residues (of which 3 are basic) 
corresponding to an attenuated intracellular domain. The 
presence of 10 potentdLal N-linked glycosylation sites 
5 appears sufficient to account for the discrepancy in 
molecular mass between the predicted polypeptide and the 83 
led species found by immunoprecipitation. No significant 
homology was detected following comparison of the entire 
sequence to various databases of known proteins. However 

10 some internal structure was apparent. All of the cysteine 
residues in the esctracellular domain are confined to a 
domain defined by residues 937 to 1209 of the nucleotide 
sequence. Taking the cysteine placement as a guide, the 
eactracellular dcnaain could be divided into three segments, 

15 in irtiich two domains without cysteine preceded and followed 
the cysteine ridh 2;egment. However sequence coiiq;>arisons 
with these segments did not show euiy significant 
relatedness to other molecules in existing databases, nor, 
in particular, to thrombospondin. 

20 The C3>36 protein was purified by immunorprecipitation. 

Since the rapid immunoselection cloning method d^»ended 
i^>on expression of transfected COS cells, it follows that 
the same cell lines frc» ^ich CD36 cim was cloned could 
also be used as a source of the ea^ressed protein. 

25 C32 melanoma cells, CD36 transfected cells COS cells, 

and CD25 (control) taransfected COS cells were surface 
l£j>elled with Nia^^I and lysed in a phosphate buffered saline 
solution containing 1 mM phenylmethylsulfonyl fluoride, 
0.5% NP-40 and 0.1% sodium dodecyl sulfate. Anti-CD36 

30 monoclonal antibodies were added, and allowed to absorb to 
the lysate for 12 hours at 4*C, after ^rtiicdi goat anti-mouse 
Immunoglobulin beads (Cappel) were added, mixed for two 
hours, and washed as described (Clark and Einfeld 2^ 
Immimol . 135 :155-167 (1986)). Larger amounts of protein 

35 can also be obtained in purified form from a transfected 



wo 92/01049 



PCT/liS91/04986 



92 

COS cell lysate by an immunoaf f Inlty column purification. 
Other antibodies to CD36 may be obtained, using CD36 
prot in, Bxpr ssed and/or purified as described, as 
immunogen. 

5 CD36 has been identified as a binding site for 

cytoadherence of PlamnffdM falciparum parasitized 
erythrocytes, by the inventors herein and by Ockenhouse, 
C.D. et al> (1989) Science 243; 1469-1741, Cytoadhesion of 
parasitized erythrocytes has been shown to be blocked by 

10 monoclonal antibodies to CD36. Incubation of infected 
erythrocytes with COS cells transfected with a CD36 cDNA 
shoved pronounced cytoadherence. The ability of 2a. 
falciparum parasitized erythrocytes to evade splenic 
clearance by adherence to peripheral vascular beds is 

15 thought to play an important role in the pathogenicity of 
Falciparum malaria and to contribute to the lethal syndrome 
of cerebral malaria by causing occlusion of the small 
vessels of the brain. Therefore the cDMA and purified 
protein of the present invention are useful for providing 

20 sufficient purified CD36 to make therapeutic monoclonal 
antibodies. 

Example X Isolation and Cloning of Three cDNA Clones 
Engo<jtAnq Wacropn?iq$-Spg<?itl<? FgRI 

Three independent cDNA clones (designated pl35, p90 
25 and p98/X2) encoding human FdRI were isolated by the rapid 
inmunoselection cloning method of the present invention 
from a oWA library expressed in COS cells. (See also 
Allen, J.H. and Seed B. , Science 243 ; 378-381 (1989)). The 
cDNA library was constructed from polyadenylated RNA 
30 obtained from cells of a single patient undergoing 
extracorporeal interleukin-2 induction therapy. Expression 
of the three cDNAs in COS cells gave rise to IgG binding of 
the appropriate affinity and subtype specificity. DNA 
sequence analysis revealed that the cDNAs ncode similar 
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type I integral meinbran proteins with 3 extracellular 
iinmunoglobulin doQ&ai^^ The intracellular domain £ p9&/X2 
diverges from that of the other two cDNAs. A coB^osite 
sequence of the three cDNAs is shown in Table 2 with the 
5 nucleotide differences of the p89/X2 or p90 clones shown 
respectively below or above the pl35 sequence. Dashes 
denote gaps and no residues are shown above or below where 
the sequences are identical. The p90 cDNA has the shortest 
5* unttanslated region, 7 additional residues between the 
10 polyadenylation nbtif and the poly A tract, and 2 
polymorphisms in the coding region. The p98/X2 clDNA has 
the longest 5* untranslated region, 1 polymorphism in the 
coding sequence, and diverges from the other two cDNAs at 
residue 1051, becoming a complex pattern of repeats of 
15 upstream sequences. The p98/X2 clone lacks a 

polyadenylation site. 

The FcRI pirbteih from each of the three clones was 
purified frotm the respective COS cell lines whicdi ea^ressed 
them, by imiumo-adsorption to IgG-agarose. (See Stengelin 

20 S. et al. . HHBO J. 7gi053 (1988)). Gel electrophoresis of 
purified proteins showed a single species from pl35 and p90 
COS cells, relative molecular size 70 kd. Cells 
transfected with p98/X2 expressed a protein of 67 kd. A 
slightly larger protein of 75 kd was adsorbed from 

25 untreated and interferon-gamma*treated U937 promonocyte 
cells. The smaller mass observed in COS cells is 
consistent with the reduced masses observed from Table 2 
other surface antigens e9q>re8sed in COS cells, see e.g.. 
Example IX. 

30 The predicted polypeptide sequences show the typical 

features of a type I integral membrane protein, and include 
a short hydrophobic signal sequence, a single 21-residue 
hydrophobic membrane-spanning domain, euid a short, highly 
charged cytoplasmic domain (Fig. 4) . The extracellular 

35 portion contains six potential N-linked glycosylation sites 
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and six Cys residues distributed among three C2 set Ig- 
related domains. 

FcRI is a high-affinity receptor for the Fc portion of 
IgG, normally located on the cell surfaces of macrophages. 
5 The ability to interfere with such bonding, or to cause it 
to occur on surfaces other than macrophages, is useful in 
therapy. For exasqple, a fusion protein of FcRI and a 
receptor ligand will be helpful to increase the potency of 
antibodies in therapy. 

10 Ex2Uiiple XI Isolation and Cloning of cDNA Encoding T- 



A cDNA clone encoding TLiSAl was obtained from a hiunan 
T-cell cDNA library transferred into COS cell as described 
and subjected to the rapid immunoselection cloning method 
15 of the invention. A monoclonal antibody ACT--T-SET TLl^Al 
(OVCell Sciences Corp., Cambridge, Massachusetts) was used 
to detect transfected COS cells expressing the cloned cIXlA, 
by positive indirect immunofluorescence. The positive 
plasmid contained in a 1.7 Icb insert. 



20 TLiSA protein was isolated by inmunoprecipitation, as 

described supra , Exas^le IX. The protein had a molecular 
weight of about 50 kd, as measured by gel electrophoresis. 

The nucleotide sequence of the cDNA was determined by 
dideoxynucleotide chain termination as described, suora . 

25 The sequence of 1714 residues is given in Table 3, together 
with the deduced amino acid sequence shown in single letter 
code under the first nucleotide of eacdi coding triplet. 
The AT6 encoding the presumed initiator methionine is 
followed by a short hydrophobic region consistent with a 

30 secretory signal sequences, the most likely excision site 
being 19 residues into the open reading frame. The 
resulting polypeptide, if not further proc ssed, would 
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possess 317 residues with a predicted molecular weight of 
about 36 kd. The propos d extrac llular domain is followed 
by 25 predominantly hydrophobic residues c rresponding t 
the intracellular domain. (Table 3, double underlined.) 
5 The presence of 9 potential N linked glycosylation sites 
(Table 3, single dashed lines) appears sufficient to 
accoiint for the discrepancy in molecular mass between the 
predicted polypeptide and the 5Q kd species found by 
immunoprecipitat ion • 

10 TLiSA is involved in mediating IL-2 induced 

differentiation of T-:cells into cytolytic forms. 
Antibodies to TLiSA are useful to prevent IL-2 stimulated 
T cell differentiation r and to modulate adverse effects of 
IIi-2 in therapy. 
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Bxaa^le xri The Isolation and Mol cular Cloning of cDHA 
Encoding for B lyaqihocyte-specific C022 
Antigen 

To isolate a CD22 cDNA, an expression library was 
5 constructed from the BurJdLtt lyiq>hama cell line Daudi, 
introduced into COS cells by the DEAB-Dextran method 
described sosa, and subjected to three rounds of panning 
and re-introduction into a. eoll as described in Seed and 
Aruffo, Proc. Katl. Acad. fi«<. nga £1:3365-3369 (1987) and 

10 Aruffo and Seed, Proc Watl. Aead. Sel. nSA 8573-8577 
(1987). Of 16 plasnids picked after the third round, two 
tested positive for CD22 expression by indirect 
inmunofluorescence in COS cells. Of the five carbohydrate- 
related epitopes. A, B, C, D and E, recognized by anti-CD22 

15 Bonoclonal antibodies, only epitopes A and D were ei^ressed 
in COS cells. 



munoprecipitation of CD22 from transfected COS cells 
yielded a single band corresponding to a nolecular mass of 
110 kd, smaller than the 135 led species obtained from 
20 Burkitt lyqphoma Raji cells. The difference in mass may be 
related to differences in glycosylation. Since the 
immunogenic epitopes of CD22 are carbohydrate-related, 
these dif feirences might account for the absence of epitopes 
B, C and E. 

25 RNA blot hybridization cmalysis has revealed the 

presence of a major 3 kb RNA species and 4 minor species of 
2.6, 2.3, 2.0 and 1.5 kb in several B cell lines. RNA 
encoding CD22 has not been found in several T cell lines, 
including peripheral blood T cells, the T cell leukemia 

30 Jurkat, the n^eloid leukemia lines HL60 and U937 and the 
hepatoma Hep62. 
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DNA blot hybridization of placental DNA gave a simple 
pattern consistent with a single copy gen . DMA sequence 
smalysis by the dideoxy method described supra shoved that 
the 2107 bp insert encoded a polypeptide of 647 amino 
acids. The nucleotide and amino acid sequences appear in 
Table 4. The initial methionine is folloved by 18 
predominantly hydrophobic amino acids resemblix^ a 
secretory slgrnal sequence. The mature protein, having a 
relative molecular weight of 71.1 kd consists of an 
extracellular jpbrtidn of 491 residues, followed by a 19 
residue ]Qembran(B-*spanning dcmain (doubly underlined) , and 
an intracellular domain of 118 amino acids. Ten potential 
N-linked glycosylatidn sites (N-X-S/T, X not equal to P) 
are found in the predicted extracellular domain, as well as 
a leirge number of serine and threonine residues which may 
be sites of Or-linked glycan addition. The abundance of 
potential glycosylation sites and the difference in mass 
between the pre^ protein bac»>one and the product 
precipitated from OOS cells and B cell lines suggest that 
about 50% of the mass of CD22 is contributed by 
carbohydrate. 

The extracellular portion of CD22 consists of five 
segments having Ig-liXe domain organization. The short 
intercysteihe spacing (63 and 64 residues in domains 1 and 
25 2, and 42 residues in domains 3-5) suggests that they fold 
into the 7 strand two layer beta-sheet structure 
characteristic oif immunoglobulin constant regions rather 
than the 9 strand structure of variable regions. 

Because CD22 has been found to be highly homologous to 
30 myelin associated glycoprotein (MAG) , a neuronal cell 
surface protein whidh mediates cell-cell contacts during 
myelogenesis, it was postulated that CD22 has a role in B 
cell adhesion. COS cells transfected with CD22 cDNA were 
contacted with erythrocytes or peripheral blood mononuclear 
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cells and incxibated under conditions vhich minimized 
n nspecific interaction. Erythr cyte and mononuclear cell 
resetting was observed with CD22-po8itive COS cells but n t 
with COS cells transfected with an unrelated cDNA clone. 

5 B cell adhesion studies involving anti-epitope 

monoclonal antibodies have indicated that different 
epit^>e8 of CD22 may participate in erythrocyte and 
monocyte adhesion and that different ligands may be 
recognized on each cell type. B cell adhesion studies also 

10 suggest that CD22, in a manner analogous to T cell CD2, CD4 
and CD8 adhesion to target cells, may promote reeognitim 
by the B cell antigen receptor by intensifying B cell- 
presenting cell contacts. CD22 has been previously 
implicated in the transmission of signals synergizing with 

IS the antigen receptor (Pezutto fit_al.., J. immmoi. iaa:98- 
103 (1987)) and crosslinking of surface produces an 
intracellular calcium flux in igircD22^ but not in IgM^CD22* 
cells (Peszutto et al.. J. Twimn^oi. 140 ; 1791-1795 (1988) ) . 
These results suggest that, like T cell accessory 

20 molecules, CD22 may also participate in the regulation of 
signal transduction. 

The ability to interfere with the binding of CD22 
positive B cells with accessory cells, or the ability to 
cause such binding to occur on surfaces other than 
25 lya^hocyte cells can be useful in diagnostics and therapy. 
For exanqple, a fusion protein of CD22 and a receptor ligand 
fixed to a substrate will be useful in detecting the 
presence of a particular antigen in body fluids. A soluble 
form of CD22 can have ixnminoamdulatory activity. 
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Exaniple XIII The Isolati n and Moleculsur Cloning f cDHA 
Encoding for T Lymphocyte-specific CD27 

Antigffl — 

A cDNA clone encoding CD27 was obtained from human T 
lyiq>hocyte cDNA transferred into COS cells and 
immunoselected by the method of the present invention. RKA 
was extracted f rem the mononuclear cells derived from a 
unit of blood, after four days of culture in medium 
containing 1 ug/ml phytohemagglutinin (PH&) , using 
guanidium thiocyanate. The total RNA was poly-A selected. 
cDHA was made and cloned into CUI8, transfected into COS 
cells and the CD27 cDNA was immunoselected witb monoclonal 
antibodies OKTlSa and CLB-9F4 (provided as described in 
Seed and Aruf f o Proc. Natl . Acad, Sci, M: 8573-8577 (1987) ; 
and Aruf fo and Seed ptog. Natl, Acad. Sci, USA M: 3365-3369 
(1987)). The vector contained a 1.2 kb cDNA insert. 

The nucleotide sequence of the cxmA was determined by 
dideoaiarnucleotide chain termination as described, fiSffiQ- 
The sequence of 1203 residues and the deduced amino acid 
20 sequence appear in Table 5. The initiation methionine is 
indicated by the number 1 above the initiator codon. The 
deduced CD27 polypeptide demonstrates the typical features 
of a type I integral membrane protein. It begins with a 
twenty ami|io acid hydrophobic region consistent with a 
25 secretory signal sequence. This hydrophobic region is 
followed by a 171 residue extracellular domain, a 20 
residue hydrophobic membrane spannix^ domain (doubly 
underlined).^ and a 49 amino acid cytoplasmic domain 
beginning with a positively charged stop tremsfer sequence. 
30 There is no poly (A) tail. 

The deduced CD27 amino acid sequence is highly 
homologous to the B lymphocyte and carcinoma euitigen CD40, 
described supra , over its entire length. CD27 is also 
highly homologous to the receptor for nerve growth factor 
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(N6FR) over ; the extrac Ilular and transmembrane domains 
(Si^enkovic et al, / EMBO J, 8:1403-1410 (1989); Johnson et 
al, , Cell 11: 545-554 (1989)). The most conserved 
stroctural motif found in these three proteins is the 
5 abundance of cysteines or histidines in the extracellxaar 
region. These are often found in pairs separated by two or 
four interv^ing amino acid residues similar to the 
arrangement seen in proteins which use this structure to 
bind a zinc ion. The cysteine and histidine rich region is 
10 followed by a serine, threonine and proline rich membrane 
proximal domain lAich has been suggested to be the region 
in whicdi biochemically identified O-linked glycans are 
added to N6FR (Johnson et al. (1986), gqpr»? Grob st^aLt., 
J, Biol. Cheaii. igfl:8044-8049 (1985) ) . 

15 Immunoprecipitation of transfected COS cells with 

anti-CD27 antibodies followed by gel electrophoresis 
revealed the presence of a 110 led species when not reduced 
and a single 55 ]cd band in the presence of reducing agent. 
This indicates that on ti^ansfected COS cells, CD27 is a 

20 disulfide linked homodimer comprised of 55 kd monomers, 
similar to tihe forms precipitated from T lymphocytes. 
(Bigler ^^^i - -t. T^mr>l . 141:21-28 (1988) ; Stodcinger fit 
al^, l^ukbcytW T yping II, Val^i^I: 513-529 (1986); Van Lier 
et al. . Emr- J, Imminol. 18:811-816 (1987)). 

25 CD27 is a T lymphocyte activation antigen. Its 

structure suggests that it may function as the receptor for 
a lymphokine or growth factor. The recognition of CD27 
causes T cell proliferation and increased eaqpression of 
certain genes needed for the helper and effector functions 

30 of the T ceil. The expression of CD27 on T cells incxreases 
two to five fold with stimulation by phytohemagglutinin 
(FHA) or anti-CD3 monoclonal antibodies and the addition of 
at least oQe CD2 7 monoclonal antibody can augment PHK 
stimulated proliferation of T cells (Bigler and Chiorazzi, 

35 Leukocyte Typing II , Vol^_i: 503-512 (1986); Van Lier, 
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(1987)), T cells positive for CD27 have been f und to 
provide help to B cells for IgM synthesis and secrete 11-2 
when appr priately stimulated (Van Ller et al> . Eur. J. 
ImwlPlt 1ft: 811-816 (1988)). 

5 The ability to interfere with the binding of CD27 

positive T cells with antigen presenting cells, or the 
ability to cause such binding to occur on surfaces other 
than lymphocyte cells, can be useful in diagnostics and 
therapy. For example, a fusion protein of CD27 and a 
10 receptor ligand fixed to a substrate will be useful in 
detecting the presence of a particular antigen in body 
fluids. A soluble CD27 fusion protein will be useful to 
prevent imdesired T cell proliferation, for example, in 
certain autoimmune diseases. 

15 BxaiQ>le XIV The Isolation and Holecular Cloning of the 

Two cDNA Clones Encoding T Lynq^ocyte- 
specific Lena Antioeng 

Two cDNA clones encoding Leu8 determineuits were 
20 isolated from a human T cell library by the method of the 
present invention. 

The nucleotide sequence of the cMJA was determined by 
dideoxynucleotide chain termination as described, supra . 
The DNA sequence analyses (Table 6) shows that the longer 

25 insert of the two contains 2,350 residues, whereas the 
shorter laclcs 436 internal residues but is otherwise 
identical. The entire sequence of the longer clone is 
shown, with the portion deleted from the shorter clone 
overlined. The predicted amino acid sequence is shown 

30 below the nucleotide sequence. Sites of potential N-linlced 
glycosylation are designated — CHO — and the proposed 
transmembrane region for the longer form is doiibly 
underlined. 
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DNA blot hybridization of fragmented human T cell 
g nome sh wed a pattern consistent with a single copy gene. 
RNA blot hybridization revealed a major transcript of 2.4 
kb in peripheral blood mononuclear cells, tonsillar B 
5 cells, and several lymphocytic cell lines; and a minor 
transcript of 2.0 kb, present in peripheral blood 
mononuclear cells, and the Jurkat and HSB-2 leukaemic T 
cell lines. 

oaie deduced protein encoded by the larger insert (the 
10 conventional form) bears a strongly hydrophobic putative 
membrane spanning domain near its C terminus, followed by 
several positively charged residues resembling a 
cytoplasmic anchor sequence. The protein is closely 
related to the recently described murine Nel-14 homing 
15 receptor (Lasky s£_aiif fisH 1045-1055 (1989); Siegelman 
9t flit. SsieosS 211:1165-1172 (1989)). 

The protein encoded by the shorter insert (the 
Iihospholipid anchored form) bears a weakly hydrophobic C- 
terminal domain characteristic of surface proteins that are 
20 attached to the cell membrane by covalent linkage to a 
phosphatidylinositol-substituted glycan. 

Monoclonal antibodies TQl (Reinherz et al. (1982) J. 
Immun. 12fi: 463-468) and Mel-14 (Gallatin et al. (1983) 
Nature 1215 30-34) have been observed to react with COS 
25 cells transfected with either Leu8 clone. 

The presence or absence of Iieu8 on CD4+ T lymphocytes 
identifies suppressor-inducer and helper-inducer CD4+ T 
cell subsets. Iieu8 is a homing receptor, allowing T cells 
to adhere to the specialized post-capillary endothelium of 
30 peripheral lymph nodes. The presence or absence of Iieu8 
classifies the T cell in terms of homing potential and 
tissue distribution. Serological studies have indicated 
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that LeuS a marker of resting lymphocytes in peripheral 
lyi^h nodes (Poletti et al. . Hum. Pathol, 12:1001-1007 
(1988) ) • Activation of T cells by phorbol ester plus PHA 
resiilts in reduced LeuS expression and transcripts, with 
5 the reduction in Leu8 expression being more rapid than the 
reduction of Leu8 transcripts. It therefore appeeurs that 
surface LeuS is lost more rapidly them predicted by RNA 
turnover, possibly by shedding of the phosphatidylinositol- 
linked form (Ferguson 6 Williams, A, Rev, B iochgrn^ £2:285- 

10 320 (1988)). Among peripheral T cells, the CD4^ Leu8' 
subset provides help for B cell IgM and Ig6 synthesis 
(Reinherz et al. , J, Immun. 12£:463-468 (1982) ; Gatenby fit 
al. , J, Immun. 129rigl97-2000^ , iiAereas CD4* LeuS* cells have 
been found to directly inhibit pokeweed mitogen-induced IgG 

15 synthesis (K2mof et al . . J. Immun. 139 ; 49-54 (1987) ) . It 
therefore appears that CD4* Leu8* cells, activated to 
provide hel^ for B cell Ig synthesis, exit the nodes and 
circulate peripherally to encounter antigen-presenting 
cells. 

20 The ability to interfere with the binddLng of Leud' T 

cells to antigen presenting cells, or the ability to cause 
such binding to occur on surfaces other than lymphocyte 
cells, can be useful in diagnostics and therapy. For 
example, the level of activated Leu8* T cells relative to 

25 resting Leiip^ cells could serve as a measure of immune 
response to a paurticular antigen. 

The extracellular domain of the LeuS transmembrane 
protein, which mediates adhesion to specialized endothelial 
cells of lymph nodes, has been observed to be quite 

30 specific in its recognition of the lectin ligand, sulfated 
galactosyl ceramide (sulfatide) . Modification of the 
specificity of this binding could serve to regulate the 
homing potential of resting T cells. Soluble forms of LeuS 
can act as anti-inflammatory agents by reducing lymphocyte 

35 migration « 
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Bxanple XV The Isolation and Molecular Cloning of cDNAs 
Encoding CD44 Antigens 

CD44 is a polymorphic integral meinbrane protein. 
Immunochemical and RNA blot data have siqsported the 
5 existence of tvo forms of CD44: a mesenchymal form 
eiepressed by hematopoietic cells and an epithelial form 
weakly expveaaed by nonal epithelium but highly expressed 
by carcinomas. 

To isolate a cDNA clone encoding hematopoietic CD44 

10 (Stamenkovic ££ll ££: 1057-1062 (1989)), libraries 

prepared from tha histiocytic lymphoma cell line U937, the 
B ly]q>hoblastoid line JY, the Burkitt's lyn^homa line Raji, 
and the myeloid leukemia line K6-1 were transf acted 
separately into COS cells by the DEAE-Dextran method, 

15 described susxa> The cells were pooled 48 hours after 
transfection, incubated with 2mti-CD44 monoclonal 
antibodies J173 (Pesandro et al. . j. Immunol. 122: 3689-3695 
(1986) ) , and panned on dishes coated with goat antiaouse 
affinity purified antibody. After several washes, the 

20 adherent cells were lysed, and episomal DMA was purified 
and transformed into E. eoli . After two similar rounds of 
enrichment following spheroplast fusion, plasmid DNA 
recovered from three out of eight randomly picked colonies 
was found to direct the appearance of hematopoietic CD44 

25 determinzmts on transf acted COS cells. 

Two of the three clones, CD44.5 and CD44.8, bore 
inserts of about 1.4 kb, while the third, CD44.4, contained 
an insert of about 1.7 kb. COS cells transf acted with 
either of these clones reacted with anti-CD44 monoclonal 
30 antibodies J173, P-lo-44-2 (Dalchau et al. . Eur. J. 
laminQlt lA: 745-749 (198p)) and the anti-Pgp-1 monoclonal 
antibody IM7 (Trowbridge fll«/ iMBWmgqgnetigg IS: 299-312 
(1982)). Untransfected cells showed weak J173 reactivity. 
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The nudleotid sequence of the hematopoietic CD44.5 
cDNA (Tafele 7) consists of 1354 residues terminating in a 
short poly (A) tail 19 base pairs downstream from a CATAAA 
sequence. The ATG encoding the first methionine is 
5 embedded in a consensus initiation sequence and followed by 
19 predominantly hydrophobic residues resembling a 
secretory signal peptide sequence. Cleavage of this 
peptide would yield a mature protein of 341 residues with 
a predicted relative molecular mass of 37.2 kd. The 

10 extracellular amino teirminal domain of 248 residues is 
followed by 21 predominantly hydrophobic amino acids 
corresponding to the predicted transmembrane domain (doubly 
underlined) and a 72 residue hydrophilic (cytoplasmic) 
domain. The discrepancy between the predicted mass of the 

15 protein backbone and the deglycosylated forms observed in 
inoBamoprecipitates suggest that extensive o-linked 
glycosylation is present. The extzracellular domain has six 
potential N-rlinked glycosylation sites, indicated in Table 
7 Toy 3. — CHO- — designation, and is rich in serine and 

20 threonine residues (22% in aggregate). The dipeptide SG 
that forms the minimal attachment site of serine-linked 
chondrpitin sulfate in proteoglycan proteins appears at 
residues 160, 170, 211 and 238 in the predicted 
extracellular domain; these potential glycosylation sites 

25 are underlined. 

RNA blot hybridization revealed three major messages 
of 1.6, 2.2 and 5.0 kb in a vauriety of hematopoietic cell 
lines, including the B lymphoblastoid line CESS, the T cell 
leukemias HUT-102 and HPB-ALL, lymphokine activated T 
30 cells, tonsillar B cells and the histiocytic lymphoma U937. 

Immunoprecipitation of CD44 from trsoisf acted COS cells 
reveals that the mesenchymal or hematopoietic form of CD44 
is about 80^90 kd. Hematopoietic CD44 transfected into a 
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B cell lin has been observed to result in the binding of 
the CD44-bearing lymphocytes to rat lymph node stromal 
cells in primary cultur , indicating that hematopoietic 
CD44 may play a role in lymphocyte homing* It has been 
5 shown that hematopoietic CD44 is an extracellular matrix 
receptor with affinity for collagens type I and VI 
(Stamenkovic et al,. fifiH 5fi:1057-1062 (1989)). 
Hematopoietic CD44 may also have a lyaqphocyte activation 
role. 

10 The ability to interfere with the binding of 

hematopoietic CD44 to lyaph node cells, or the ability to 
cause such binding to occur on other surfaces, can be 
useful in diagnostics and therapy. For exas^le, 
modification of this binding can serve to regulate the 

15 homing potential of lymphocytes. Soluble forms of CD44 can 
have immimomodulatory activity. 

To isolate a cONA clone encoding the epithelial form 
of CD44, a cmA library prepared from the colon carcinoma 
line HT29 was transfected into CX)S cells by the DEAE- 

20 Dextran method described supra . The cells were pooled 48 
hours after transfection, incubated with anti-CD44 
monoclonal antibody F-10-44-2 (Dalchau et al, . Eur, J, 
iMWnPlt !£: 745-749 (1980)) and panned on dishes coated 
with goat-anti-mouse affinity purified emtibody. After 

25 several washes, the adherent cells were lysed, and episomal 
IMK purified and transformed into E. coli . After two 
similar rounds of enrichment following spheroplast fusion, 
as described SSSBLS., plasmid DNA recovered from seven out of 
ten randomly picked colonies was found to direct the 

30 appe£urance of epithelial CD44 determinants on transfected 
COS cells. All seven of the positive clones bore cDNA 
inserts of about 2*4 kb. 

R striction enzyme analysis of the clone containing 
the epithelial cDNA insert showed that the coding sequence 



wo 92/01049 



PCT/US91/04986 



116 

(Table 8) Wsis enlarged relative to the heuiatopoietic CD44 
insert by the adidition of 496 base pair. DNA sequence 
analysis shoved that the epithelial CD44 cDNA is quite 
similar to the CD44.5 cDNA, but encoded an additional 
5 e3ctracellulaLr domain of 165 amino acids, inserted about 140 
residues upstream of the transmembrane section shared by 
both clones. ThB mature protein would conprise 493 
residues. 

SNA blot analysis has revealed that the epithelial 
10 CD44 transcripts conqprise 2.2, 2.7 and 5.5 kb species. 
Epithelial .CD44 isolated by immunoprecipitation has 
revealed that the glycoprotein is about 160 kd. 

Transfected B cells expressing epithelial CD44 do not 
adhere to rkt lymph node stromal cells in primary culture 
15 as do hematopoietic CD44 transfected lyn^diocytes. The 
epithelial CD44 is weakly eaq>ressed by normal epithelium 
but highly esqpressed by carcinoaas. It is possible that an 
extracellular matrix receptor function of ^ithelial CD44 
may promote, tumor invasiveness. 

20 The ability to dLnterfere with the binding of 

epithelial CD44 with extracellular matrices can be useful 
in therapy or diagnostics. For example, interference of 
the epithelial CDAA binding to extracellular matrices can 
diminish the lilcelihood of metastasis in cancer patients. 

25 Soluble forms of CD44 can act to prevent metastatic cells 
from "homing" to lymph nodes. 
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Example XVI The Isolation and Molecular Cloning of cDNA 
Encoding CD53 Antigens 

CD53, the antigen recognized by antibodies MEH-53 
(Hadam, M.R. (1989) In Leucocyte Typing TV. Knapp, B. fife 
5 All. (eds.) Oxford Univ. Press, p. 674), HD77, HI29 and 
HI36, and 63-5A3, is a glycoprotein widely distributed 
among, but strictly restricted to, nucleated cells of the 
hematopoietic lineages (Stevanova, I., at ai. . (1989) in 
Leucocyte Typing TV. Knapp, B. et al. (eds.) Oxford Univ. 
10 Press, p. 678) . CD53 is escpressed by monocytes and 
macrophages, by granulocytes, dendritic cells, osteoclasts 
and osteoblasts, and by T and B cells from every stage of 
differentiation. 

To <ditain a cDMA clone encoding CD53, cDNA libraries 
15 constructed from peripheral blood lyaqEdiocytes and the 
promyelocytic tumor cell line HL60 were transfected into 
COS cells by the DBAE-Dextran method, described gupra . The 
cells were pooled 48 hours after transfection, incubated 
with monoclonal emtibodies MEH-53, and panned as described 
20 in Seed and Aruffo, Proc. Natl. Acad. Sei. USA M: 3365-3369 
(1987) and Aruffo and Seed, Proc. Watl. Acad. Sei. USA 
M: 8573-8577 (1987). After two subsequent rounds of 
enrichment following spheroplast fusion, plasmid DNA 
recovered from single colony isolates was transfected into 
25 COS cells, and scored for CD53 e3q>re8Bion by 
immunofluorescence . 

Two of eight transfecteuits were positive, each bearing 
an insert of about 1.5 kb. COS cells transfected with 
either clone reacted with each of the antibodies MEM-53, 
30 HI29, HI36 and 63-5A3. 

To isolate CD53 from peripheral blood lymphocytes emd 
transfected COS cells for purposes of comparison, the 
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lynphocytes and txansfected COS c lis were surface labeled 
with ^^I using lactoperoxidase and EjOg, and then lysed in 
a lysis buffer of 50 mM Tris-HCl pH 8.0 containing 1% NP40, 
150 mM NaCl, 5 mM NgCl^, 5 mM KCl, 20 loM iodoacetamide and 
5 1 DM phenylmethylsulfonyl- fluoride. Cells were 

solubilized at a concentration of 2.5 x 10^ cells/ml in 
lysis buff «r for 45 minutes then centrifuged at 12,000 g. 
Jlfter precleeuring with goat emti-mouse isominoglobulin beads 
(Cappel, M&lyem, PA) , immunoprecipltations were perfonned 

10 with monoclonal amtibodies MEII53 or 63-5A3 and protein A- 
Sepharose CIi-4B (Sigma, St. Louis, MO) as described by 
Schneider ^t al. r j, Biol. Chem. gSli 10766 (1982) ) . 
Xnoaunoprecipitates were eluted in SDS- sas^le buffer and 
emalyzed ox^ 12.5% acrylamide gels containing sodium dodecyl 

15 sulfate. 

A broad band of i^dioiodinated protein ranging in mass 
from 34 led tp 42 kd was obtained from peripheral blood 
lymphocytes either with MEM-53 or 63<*5A3 monoclonal 
antibodies, colorable to the band obtained from CD53- 

20 transfected COS cells, which extended from 36 kd to 46 kd. 
The higher Iboleoular mass ixi COS cells is atypical, as cell 
surface proteins recovered from transfected COS cells 
usually display unchanged or lower molecular mass than 
those found on the cell from ^ich the cI»IA clone 

25 originated - (Aruffo and Seed, Proc. Watl. Acad. Sci, USA 
S4 2 3365-3 3 69 (1987)). Approximately 15 kd of mass are 
liberated from the glycoprotein by digestion with 
endoglycosidase F (N-glycanase) , whereas treatment with 
neuraminidase and O-glycanase has no effect on the apparent 

30 molecular npss (Hadam, N.R. (1989) in Leucocyte Typing IV , 
Khapp, B. ' et ■ al. (eds.) Oxford Univ. Press, p. 674; 
Stevanova crib al.^v ih Leucocyte Typing IV, Khapp, B. et al. 
(eds.) Oxford Univ. Press, p. 678). An additional faint 
band of 20 kd^ possibly tmglycosylated precursor, was 

35 detected in immxmoprecipitates of transfected COS cells. 
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but was absent from isununoprecipitates of peripheral blood 
lymphocytes • 

Blot hybridization of genomic DNA from the T cell line 
PEER digested with several enzymes revealed a pattern 
5 consistent with a single copy gene. KNA blot analysis 
revealed a single 1.8 kb aiRNA derived from B, T, and 
myeloid cell lines and from peripheral blood lymphocytes. 
The level of e9Q>res8ion was comparable in the different 
cell lines except in THPl cell line, idiich had little CD53 
10 mRNA. CD53 transcripts are more abundant in peripheral 
blood lymphocytes than in cultivated cell lines, consistent 
with the higher surface expression of CD53 among these 
cells. 

The nucleotide sequence of CD53 cDNA was determined by 

15 dideoxynucleotlde chain termination as described, supra , 
using synthetic oligonucleotide primers. The sequence of 
the CD53 insert consists of 1452 nucleotides (Table 9) , and 
terminates close to tvo overlapping AATAAA motifs (singly 
underlined) . The 3 * noncoding sequence contains three 

20 examples of the ATTTA sequence (indicated by quotation 
marlcs) , which has been shown to mediate mRNA instability 
(Shaw and Kamen, Cell Ms 659 (1986)). An open reading 
frame beginning at residue 74 encodes a protein of 219 
amino acids with a predicted molecular weight of 24,340 kd. 

25 The predicted polypeptide is unusual in that it bears four 
major hydrophobic segments (doubly underlined) , three of 
%Aiich fall in close proximity near the amino terminus of 
the molecule. The first hydrophobic segment is atypically 
long for either a signal sequence or a simple transmembrane 

30 alpha helix, and contains three cysteine residues and a 
glycine located in the middle. Both cysteine and glycine 
have been foxind to immediately precede the signal cleavage 
site (von Heijne, Nucleic Acids Res. 1454683 (1986)), 
suggesting that the amino terminus of the mature protein 

35 begins in the middle of the first hydrophobic domain. Some 
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st^port for this view is afforded by the finding that the 
size of the polypeptide backbone of ME491, a related type 
III integral membrane protein, discussed infxa# is smaller 
than the sispe predicted from the cDNA sequence, possibly as 
5 a consecpience of signal peptide excision. Because there 
are only two potential sites for N-linked glycan addition 
(indicated in Table 9 by — CHO — designations) ^ located 
between the third and fourth hydrophobic segments, the 
carfooxyl terminus must lie ixiside the cell, as veil as the 
10 short hydrqphilic portion between the second and third 
hydrophobic segments. If the amino terminus is not 
processed, ^.t must likewise remain intracellular. 

qD53 is a Type III integral membrane protein related 
to three other membrane proteins: ME491 emtigen, a 

15 melemoma prqtein ^ose increased expression correlates well 
with tumor progression (Hotta et al. , cancer Res. A£:2955 
(1988)); CD37, an extensively glycosylated antigen 
predominantly expressed on B cells, but not B cell lineage 
specific CSdhwartz et al.. J, Tmmun. llfl;905 (1988) ; and 

20 S5.7, an unglycosylated antigen broadly expressed on cells 
of hematopoietic lineage (Pressano et al.. cancer Res. 
11:4812 (1983)). In addition, CD53 is distantly related to 
E. coll lac Y permease, a type III integral membrane 
protein which ferries lactose into the bacterial cell. 

25 CD53 transcripts in peripheral blood lyii«)hocytes increase 
in prevalence following mitogenic stimulation by PHA, 
suggesting that the protein may be involved in the 
transport of factors essential for cell proliferation. 

Among the molecules with broad reactivity in the 
30 hemopoietic system, CD53 presently holds the widest 
reactivity as well as the strictest restriction to 
hematopoietic cells. Anti-CD53 antibodies eure a useful 
tool for the identification of hematopoietic neoplasms, and 
may prove, belpfiil for identifying morphologically poorly 
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d fined cells, for example in spleen or bone marrow primary 
cultxires. 

Ecmivalents 

Those skilled in the art will xrecognize or be able to 
5 ascertain, using no more than routine eicperimentation, many 
equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be 
encompassed within the scope of this invention. 
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CIAIMS 

1. A recombinant I»IA segment encoding CD53 cell surfac 
zoitigen or functional derivatives thereof. 

2. A recombinant DNA segment comprising the nucleotide 
5 sequen^^ shown in T€d3le 9, or a functional derivative 

thereof. 

3. A substantially pure CD53 protein or functional 
derivatives thereof • 

4. Substantially pure protein having the amino acid 
10 sequence shown in Table 9, or a functional derivative 

thereof. 

6. A phanaaceutical composition con^rising substantially 
pure CD53 cell surface antigen, said cell surface 
antigeh present in soluble form or in the form of an 

15 acceptable salt. 

7. A pharmaceutical coiQX>sition of Claim 6 additionally 
cqnqorising an acceptable carrier. 

8. A pharmaceutical composition of Claim 6, additionally 
comprising a therapeutic agent. 

20 9. An immAUiotherapeutic agent, conqprising substantially 
pure CD53 cell surface protein, an acceptable carrier 
and a therapeutic agent. 



10. 

25 



A kit useful for immunodiagnostic assay, comprising 
substantially pure CD53 cell surface antigen in 
soluble form and a containing means. 



1 QQCGTMTa (CT(ma:A AACAAAAAM oxonAc CA(x:an^a 

51 TTGrrraxxs GATCAAGAQc TAOMTa TmcoMS GAAaam 

101 CAOCAGAfiCG CAGATA(XAA ATACTGTCCT TCTAGTGTAG CCGTAGTTAG 

151 GC(XaCTT CAAGAAaCT GTAGCACCGC QACATACCT CGCTCTGCTA 

201 ATCCTGnAC CAGTGQCTGC TGCCAGTGQC GATAAGTCGT GTCFTACCGG 

251 GnOGAQCA AGACGATAGT TACCGGATAA QQCQCAGCQG TCQQQCTGAA 

301 CQGGQQGm GTQI^CACAG aCAQCTTQG AQCGAACGAC CTACACCGAA 

351 CTGAGATACC TACAQCGTGA GCTATGAGAA AQCGCCACGC TTCaGAAGG 

401 GAGAAAGQCG G^CAGGTATC CQGTAA(XX}G CAGOnCGGA ACAGGAGAG^ 

451 QCAOAQOGA QCTTCCAGQG QGAAACBCa GGTATCnTA TAGTCCTGTC 

501 GQGTTTCQCC ACCTOGACT TCAGCGTOy^ llmGTGA^ 

551 GQGGCGGAGC QATGty^ AOrcCAGCAA G(XXXyMnA CC^ 

601 TCT(MX^^^ ACACTTTACA QCGaOCGTC ATTTGI^TATG ATOCOCCCCG 

651 OTOXXATA AO(m:AGG CCAGTAAAAG CAnAOXGT GGTQQQGnC 

701 CCGAQCQQCC AAAGQ(y«»\ GACTQAAAT CTGCCGrar OiACnC^ 

751 G6n"CGAATC OTCmrAC CACXATCXT nO^AAAGTC OSAAAG^ 

801 T(n"CiCn^QC nGTCrGrrO GAGGTCGCTC AGTAGTGCa 

851 TAAQO^ACAA CAAGQ(M» OTGACCGAC AATTQCATGA AGAATaCCT 

901 TAOJGTrAQG (OTTTGCQC TOCTTOm TGTAC^ 

951 GTTGACATTG ATTATTGACT AGITATTAAT AGTAATCAAT TACQGOGTCA 

1001 TTAGTTCATA GCCCATATAT GGftGrrCCQC 6TTACATAAC TTACQGTAAA 

1051 TQOKQCCT QOTCACaSC CX^WMXC (XOICAnG ACK^ 

1101 TGAOn^ATGT TOXATAGTA ACQCXV\ATAG QGACrna> TTGACGTCA^ 

1151 TOQGTGGAa AmACQGTA AAaOCCCAC HGOIAGTAC ATCAAGTGTA 

1201 laTATOCCA AGTACQCCa aAHGACGr CAATGACQCT AAATGQCCCG 

1251 CCTQQCAm TOCCCAGTAC ATOOTTAT GQGACma 

1301 TACAia/^ TATTAGICAT CQCTAHACC ATQGTGATGC QGTTTTGQCA 

1351 GTAaTCAAT QOmGGAT AQCGGTm OCACQQQW mCO^ 

1401 T(rAC(raT TGimCAAT QQiyWJmGT mOO^ AAAT(MX» 

1451 GACmCCAA AATGTCGTAA (MICCQCC CanGACQC AAATGGQCGG 

1501 AATTCaOQG CGQGACTGK GAGTGQOSAG CCCTCAGATG CTQCATATAA 

1551 QCAGaGCTT TTTGCCTGTA QGOGTaa CTQGTTAGAC CAGAiaGAG 

1601 CCTGQGAGCT OaGGaAA aAGAGAACC CAaOClTAA GCCTCAATAA 

1651 AQCnaAGA GATCCaCGA CaCGAGQGA TCTTCCATAC CTACCAGTTC 

FIG i-1 



wo 92/01049 



I*Cr/US9l/04986 



1701 TQCQCCTQCA GGTOXXm: GOGACraAG mTCTTTG TGAAQGAAa 

1751 TTACTIOT GGTOTCACAT AAnOG^ 

1801 Oan^MOn^ AAATATAAAA TrmmC TATM7(n^GT TAAACra 

1851 ATTCTMTTG TTTCTCTATT TTACy^nCCA ACCTATQGAA CTGATGAATG 

1901 QGAOAGTOJ TOW^TOXT TTAATGAGGA AAACCTGTn 

1951 AAATGCCATC TAG7T5ATGAT GAGQCTACTG aOACTCTCA ACATTQAa 

2001 CCTOIAAAAA AGAAGA(yV\A GGT/\GA/W5AC CCCAAQGACT 

2051 ATIQCTAAGT TTmCAGTC ATQCTGTGrr mAATAGA ACICTTGCTT 

2101 GCTTTOCTATTTACACCACAAAQGWAAAGa^^ 

2151 AmTOGAAA MTATIOGT AACrriTATA /l(nAQ^^ 

2201 TCATAOTA OOTTTO TTACrcCACA CAm 

2251 HAATAACrA TGCTCAAAAA TTCTCTAOCT TTAQCT^ 

2301 QQQGTTAATA AGGAATATTT GATCTATAGT QCCITGACTA GAGATCATAA 

2351 TCA(XX:ATAC C>CAmGTA GAQGTlTrAC TTimrAM 

2401 CACaorCC TGAACXTCAA ACATAAAA7G AATGCAATTG nGrrGFTA^ 

2451 CrremATT QCAGCmTA ATGCn^ACAA ATAAAQCAAT miC^ 

2501 ATTTCACAAA TAAAOIATn- TnTCACra: ATTCT^ 

2551 AAAQCATCA ATGTATCTTA TCATGTCTOG ATXR^ 

2601 GnAOSGTGT GGAAA(nar CAOQCraxr AQCAQXAG^ 

2651 GCAmiCT (^TWGTCA OCAACCAGtn" GTQGAAAGTC 

2701 OIAGCAQQCA GAAGTAm AAfiCAmr CTD\ATTAGT 

2751 AGTCXXBCCC CTAACTOQC OATCCOSCC (CTAACTCa 

2801 aXT^TTOCC QCCO^^TOQC TGAQAAm TTimmA TQCA^^ 

2851 GAGQCCQCCT CQGCCTCTGA GCTATT(X:AG AAGTA(n^GAG GAGQCT^ 

2901 TQGAQQCCTA QQCmTGCA AAAAGQaat TC 



FIG. 1-2 



wo 92/01049 



PCr/US91/04986 



CCTAA(y^TGAG(JrTCCATGTAMmGTAa;omTCOT (60) 
ME7SERPt€PR0CYSLYSPHEVALAASERPl€LELJl^lL^ 

T^WGGTQCAGTCTCOW^GA(y^ (120 
SEliYSa.YAuVALSERLYSGLUMTHRAShlAL>lEUGLUTHRT^ 

^GGACATCMCJrGGACATTCnAGTrrtCIAAATGAGTG^^ (180: 
20 GLNASPlLEASflajlfta>lLEPROSERP^€GuyAtrSE^ 

TGGGAAAAAACTTCAGACmAAAAGATtGCACMTTCA^^ (240: 
40 TRPGLltY5THRSERASPLYSLYSLYSIL£Au(iff^€Al^ 

AAG^V^GATACATATMGaAmAAAAATGGAAaCTGA^ (300! 

60 LysGLllYSASPTwTYllYSLELPhELYSASNGLYTH?LHlYSlLELYSHlSL^ 

f CGATGmGGATATCTACAAGGTATCM^^ (360 

80 THRASPASP(lNASPll£TYRLYSVALSERll^TYRASPTHRLVS(i.YLYSAsM^ALLEU 

GAMAAATAtrT6AriT(mT^^ (420! 
TGTATCAACACAAraj^CnG^ (480! 

120 CYSlLEASNTmTHRl£jTH«YSGaVAL»)trASNGLYTt^^ 
— CHD — — CHO — 
TJKAAGATOG^A^ (540; 
140 TYRGLNASPGLYLYSHlSlaLYSl£jSERGLNARGVALll£TH?^ 

icn AOgn^^GTQCIAMgT^ (600; 

160 SERLEL6ERALALYSP^€LYSCYSTHRALAGLYAS^LY5VALSERLYSGLlJSERSB^ 

ton S^S^^^ISKJS^^^!^^ (660: 

180 GLlJPlWVALSERCYSPlWaJLLYSGLYLEUltePll£TY»?^ 

QGAGG(2m(TOVm (720 
200 GLYaYSBtl^ JLBJMErVALJ^/uA>^^ 

AJ!0«AGgiGra3Gy^ (78o: 
220 LYSGLNARGSERARGARGteNtePGLUGLLL^ 

^y(&^A}^c5g^iS^^ (84o; 

240 GLUSJiARGGLYAR(lYSPR0GLNGLML£PRO^^ 

OCA J£S^!E[SI£?£?ffiS!^^TCGn(ro^ (goo: 

260 SERGUlttSPROPROPROPROl^YHlSARCSERGLNALAPROSERta 

on. ^£S!^9«?6T|?Ta(X^ (960 
290 PR0PR0Q.YHISARGVALGLI^ISGL^PROGLflYSARGPROP^ 
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CAAG7TCA(IA(mAAGQCCC(XrcaCCCCAGmC(Vm (1020) 

300 (^fdtiisikiaiL^ 

^ aTam:AQCA(5AAAACTaTTGTCCCCTTCa^ (1080) 
320 HIS(LYALAAU(XJUAS^6ERLBU6ERPR0SERSERAS^8« 

Tm(:MTAAAAAGCACT6fQGAmCT(3anca(yiTGT^^^ (1140) 

ACJGTGTTnCTGTGmGAACAnGrcACCT (1200) 

(3CATmCGAAClCAXCAtGTQGTCAA(:ATCT(^ (1260) 

CAT(:ACA(XAGTAAQGA6AAQCMTATAAGT(rr(y^n(3CAA(5Mm (1320) 

ACAGAMT(trA(W5AmCTTCTCCCCTCTCA(»TCATGTGTA^^ (1380) 

T(5ATrQ(n^CT(«nGQCTCTCACTA(M3CA(m^^lTa^ (1440) 

CHATCTQCCCrana^ACA^ (1500) 

T(5AC (1504) 
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1 GGCGTAATCT QCTQCTrGCA AACAAAAAAA CCACCGCTAC CAQCGGTGGT 
51 TOmOCCG GATCAAGAO: TAaM:TCT TTTTCCCMJ GT^ 
101 TCAGCAGAQC a:A6ATm AATAQGTCC naAGTGTA GCCGTAfiTTA 
151 GQCCACCACT TCAAGMQC T6TAQCACCG CQACATACC TCG^^ 
201 AATCCTGnA CCAGTGQCTG aOCCAGTGG CGATAAGTCG TGTCnACCG 
251 QGTTGGCTC AAGACX5ATAG 1TACCGGATA AGGCQCAQCG GTCQQGCTGA 
301 ACGGQQQGTT CGTQCACACA GCa^VGCHG GAGCGAACGA OrrACACC^ 
351 ACTGAGATAC CTACAQC6TG AQCAHGAGA AAQCGCCACG OTCCCGAAG 
401 QGAGAAAOQC OJACAQCTAT aOGTAAOCG QCAQOGTCGG AACAOGI^ 
451 CGCACGAGGG AQCTTCCAGG GQGAAACGCC TGGTATCnT ATAGTCaCT 
501 CGGGmOX: (XCTCTGAC TTGAQCGTCG ATTmGTGA TQCTCGTCAG 
551 GQQGQCQGAG (XTATGGAAA AACGCO^GCA ACGCAAGCTA QCHCTm 
601 AGAAAmA AAOm^^ATA TmCHAAA ATTCQCGTTA AATnTTGTT 
651 AAATCAGCTC ATrrmAAC O^TAOOXG AAATCQOAA AAT(^ 
701 AAATCAAAAG AATAQCCCGA GATAQGGTTG AGTGnGTTC CAGTTTQGAA 
751 CAAGAGm CTAHAAAGA ACGTQGACTC CAACCTCAAA GQQCGAAAAA 
801 CXX5TCTATa GQQCGATQX OmiACTAC GTGAACCATC ACXC^^ 
851 AGrrrrTTQG QGTCGAQGTC CXX;TAA«GCA CTAAATCQGA ACmA^ 
901 GAQCmXXiA mAGAQCTT GACQQGGAAA QCCQQCGAAC GTOQCGAGM 
951 AQGAAQQGAA GAAAGCGAAA GGAGCGQQCG aAGQGCQCT GGCAAGTGTA 
1001 GCQGTC^m: TQCGCGTAAC CACCACACCC GCCQCGCITA ATGCGCCQCT 
1051 ACAGQGCQCG TAQATOGn QCTTTGACGA QCACGTATAA CGTQCTTTCC 

FIG. 6-1 



1101 Ta5TTQ(y\AT CAGAQCG(X5A (HAAACAGG AGGOCGAm AA(X^ 

1151 AGAD\GGAAC QGTAOmG CTQGATCACC GCOn^OTC ^ 

1201 ACnTACAQC GQCOCGTCAT HGATATGAT GCOCOCCGCT TCCCGATAAG 

1251 GGAGCA(m: AGTAAAAGCA TTACOX^GG TGGGGTTCCC GAOC(m:A^ 

1301 AQGGAGCAGA aCTAAATCT QCCGTCATCG ACTTCGAAGG TTCGAATCa 

1351 TCCa:CACa CCATaCTTT CAAAAGTOXJ AAAGAAiaC aCCaOCTT 

1401 GTtniGTTGGA GGTCGCTGAG TA(^GCGCGA GTAAAAmA A^ 

1451 AQQCAAGQCT TGAOXSACAA nOCATGAAG AATaOClTA QQGnAGQCG 

1501 imOCOn^G OTOXXiATG TACGQQCCAG ATATACQCGT TGACAHGAT 

1551 TAnCACTAG HATTAATAG TAATCAATTA CQGQGTCAn AGHCATAGC 

1601 CCATATATQG AGTTCCCCGr TACATAACTT ACQGTAAATG GCCCQCCreG 

1651 ai(yi(Xm)C AACGACCCO: GCCCAHGAC GT^ 

1701 CCATAGTAAC (mATAGGG ACmCX:An OmCAATC GCma 

1751 m(»GTAAA CTQCCCACrr GQCAGTACAT (MH^GTATC ATATGCC^ 

1801 TACQCCCCa ATTGACGTCA ATGACGGTAA ATOQCCOSCC TGQCAnATG 

1851 CCCAGTACAT GACGTATGG GACTTTCCTA CnGQCAGTA CATQACGTA 

1901 nACraTCG aAUACCAT QGTGATQCQG TTnGQCAGT ACATCAATGG 

1951 QCGTGGATAG OXinTGACT (71030^ 

2001 ACGTCAATO; GAGmcarr TGQCACTAAA ATCA^^ 

2051 TGTCGTAACA AQCCGCCCC AHGACGCAA ATGQGCQGAA TTCCTGQQCG 

2101 GGACTQGQGA GTGGCGAQCC CTCAGATGCr GCATATAAGC AOaOCTTTT 

2151 TQCCrGTACT GQGTCraa QGTTAGACCA GATCTGAQCC TGQGAOaa 

2201 aoan^AACT AGAGAACOIA QQCnAAO: aCAATAAAG OTCTAGAGA 

2251 TOXTCGAa TCGAGATCCA nGTGCTGQC QCGGATTCTT TATCAQGAT 

FIG. 6-2 
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2301 AAGTTGGTGG ACATAHATG TnATCAGTG ATAMGTGTC AAGWTGACA 
2351 AAGHGCAQC CGAATACAGT GATCCGTQCC QCCCTAGACC TGTTGAACGA 
2401 GGTCGQCGTA GACQGTCTGA OIACACXm AaGQCQGAA a»nGQ^ 
2451 TTCmAQCC GGCGCmAC TGQCACTTCA QGAACAAGCG GXCaOCTC 
2501 GAOiCACTGG aGMGCCAT GCTGGCGGAG AATaiAQCA OTCGGTOC^ 
2551 GAGAGCCGAC GACGACTGGC OaCATTTCr GAQGGGAAT GCCCGCAGCT 
2601 TCAGGCAGGC GCTGCTOn: TACaXTAGC ACAATGGATC TCGAQQGATC 
2651 nCCATACCT ACCAGTTaG CQCTTGCAGG TCttQQCCQC GAaaAGAG 
2701 GATOTTGrG AAQGAACOT ACTTaGTQG TGTGACATAA HOGACAAAC 
2751 TACCTACAGA GAmAAAQC TQAAOn^AA ATATAAAATT TTTAAGTGTA 
2801 TAATGTGnA AAQACTGAT TaAATTGTT TCrGTATrn AGATTCCAAC 
2851 QATOGAACr GATGAATGQG AQCAGTQCTG GAATGCCTTT AATGAGGAAA 
2901 A(XTGTTTTG CTCAGAAGAA ATGCCATaA GTGATGATGA QQCTACTQCT 
2951 GAaaCAAC ATTCTACra TCCAAAAAAfi AAGAGAAAQG TAGAAGACCC 
3001 (M3GA(jrT (mCAGAAT TGCTAAGTTT niGAGTCAT GCTGTGfTTA 
3051 GTAATAGAAC TOTGCnOC mGCTATTT ACAC(XAAA G(^^ 
3101 GCACTGCTAT ACAAGAAAAT TATGGAAAAA TATTaGFAA CmTATAAG 
3151 TAGGCATAAC AGmiAATC ATAACATACT GTTTrnOT ACTCCACACA 
3201 QQCATAGAGT GracaATr AATAAQATG CTCAAAAAH (n^GTACCnr 
3251 AQCTTrTTAA TrTGTAAAQG QGHAATAAG 6AATATTTGA TGTATAGTGC 
3301 OTGACTAGA GATCATAATC AGCaiACCA CAmCTAGA GGTmACTT 
3351 QCTTTAAAAA ACaCCCACA CaCCCCQG AACCTGAAAC ATAAAATGAA 
3401 TGCAAHGIT GTTGTTAACT TGTTTATTGC AQCTTATAAT GGHACAAAT 
3451 AAAGCAATAG aiaOW^T n(XAAATA AAaiATTTTT nCACTGCAT 

FIG. 6-3 
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3501 TCTAGTTGTG Gm(n^CCM ACTCATCAAT GTATCrTATC ATGiaOG^T 

3551 (HGTGGAAT GrGTGTO^n' T)\GQGJGTGG AAAGTCCC^ 

3601 0\0(X:AGAAG TATQCAAAGC ATQCATCTCA AnAGTO^ 

3651 GGAAAGTCCC CAQOaCCCC AQCAQQCAGA AGTATQCAAA QCATQCATCT 

3701 CAATTAGTCA QCAmiAG TCCCGC(XCT AACTOGCa ATaCQC^ 

3751 TAAaCCQCC CAGRCXBa CArrCTCCQC COCATQQCTG 

3801 mAmATG CAGAGQCCGA GQCOmtG GCCraGAOC TATTCCAGM 

3851 GTAGiGAsy^ QoarrrrriG GimnAGG (J^ 

FIG. 6-4 
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AGACTOCAQQCCTTQa^aiGT^ (60) 

GAGGAQaxnaMXaAaOATCGTO^XJ^ (120) 

K^tIbjArgLbIguLeuAu 

CTCAACITAji^CMTTCMGTAACACXJAMC^ (180) 

fiSf^^ACG^ (240) 

— CHO — 

„ pTAraX5AATTACT^AQC^ (360) 
50 VALTYRCSLYASNTYjSERGLNGLflEUGLhWALTYRSER^ 

— CHD — 

70 g?(^™??}AT:g^J^^ (420) 
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1 ..QGAGAGTCTGACCmTOmCTCCTamcaCTTCnca^^ 
51 OTCCTCACC CCCATQGAAG TCAOGCCCGA GGAACCTCTA GTQGTGAAQG 
101 TGGAAGAGQG AGATAACGCT GTGaOCAGT QCQCAAGGG GACCTCAGAT 
151 (mrOACTC Aa:mGAC CTaiaCOJ GAGTCCCCa nAAA(r 
201 OTAAAAO^C AQCCTGQQQC TGCa\GQCCT QQGAATCCAC ATGAGQCC^^^ 
251 TGGcCATaG GCmraTC nCAACGTCT CTCAACAGAT GOGGGQCTTC 
301 TACaCTOCC AGCCGGGGCC CCCaaCAG AAGGCCTGGC AGCCTGGCTG 
351 GACAGTCAAT GTGGAGGGCA GCGGGGAGCT GTTCCGGTGG AATGTnCQG 
401 ACCTAOGTQG CCTGGQCTGT QQCCTGAAGA ACAGGTCaC AGAQQQCCa 
451 AGCTCCCCn Ca»MXT CATGAGCCCC AAQCTGTATG TCT 
501 AGACCGCCCTGAGATaGQG AGGGAGAQCCTOGTGTGrc a^^^ 
551 ACAQCCT6M CCAGAQCCrc AQCCAGGAa TCACCATGQC CCCTGOaCC 
601 ACAaaOGC TGTCCTGTGG GGTACCCCCT GACTCTGTGT CCAGGGQCCC 
651 CQCTCCTGG A(XCATGTQC ACaCAAGGG GCQAAGTCA TTQCTGAOCC 
701 TAGmCAA QGACGATOX: CCQQCCAGAG ATATGTGQGT AATGGAGACG 
751 QGTaGTTGT T0CCXXXX3QC CACAQCTCAA GACQCTGGM 
801 TCACmCQC AA(nGAOCA TGiaiTCCA (TTGGAGATC ACTO^ 
851 CAGTACTATG QCACTQQCTG CTGAGGAQG GTGGCTQGAA QGTCTCAGCT 
901 GTGACmGG OTATaGAT CTTCTQCaG TGnCCCTTG TOGGCATTCT 
951 TCATCTTCAA AGAGCCQGG TCCTGAGGAG GAAAAGAAAG CGAATGACTG 
1001 ACCCCACCAG GAGAnCTTC AAAGTGACGC CTCCCCCAQG AAQCQQQCCC 
1051 CAGAACCAGT ACXX3GAACGT QCTGTaCTC CXXXIACCa CCT(^Cr 
1101 CGGACGCGCC CAGCGTFGQG CCGCAQQCCT GQGGGGCACT XCCCGTCn 
1151 ATGGAAACCC GAGCAGCGAC GTCCAQQCGG ATGGAGCOT GGGGTCCCQG 
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1201 AQCCGCCGQG AGTGGGCCa GAAGAAGAGG AAQQGGAGGG CTATGAGGAA 
1251 CCTGACAGTG AQGACXACTC CGACnaAT GAGAACGACT O^^^ 
1301 GCAGGACCAG acrCCCAGG ATGGCAGCGG CTACGAGAAC (XTGAGGATG 
1351 AQCmGQG mCAQGAT GAAGACTCCT TaCCAACGC TGAGTOTAT 
1401 GAGAACGAGG ATGAAGAOa GACCCAGCOG GTCQCCAGGA CAATQGACTT 
1451 CCTGAQCOT CATGQGTCA6 CQQQGWXC CAGOCQQGAA QCAACa^ 
1501 T<XX3GrCXX:A GT(CTAT6«G GATATGAGAG GAATarCT^ 
1551 CAQCTOOT CCATTaXJOG OAGCCTGGA 
1601 AGOCTTAT GAGAACATOJ ATAATCnXJA TOXXjCAGC OAO 
1651 GAGGAQQQQG (IQCATGGQC ACCTGGAQCA CCAGGTGATC aCAQGTGQC 
1701 CAQCCTQGAT acaCMH" (X(IMy^n (XACQGAC TCTGAAATCT 
1751 GAAGACaCG AQCAGATGAT GCCAACna GGAQCAATGT TGCTTAQ^^ 
1801 GTCTQCATGr GTGTAAGTGT GTlGTGrGTGr GTGTGrGTGT GrGrGrGTCT 
1851 ATACATQCa GTGOCTTC CAGIOXCn^ TGTAnCOT A^^ 
1901 AATGAQCTCT TCCAAAAAAA AAAA 
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1 ACAAACJACAA ACTQCACCCA CTGAACTCCG CAGCTAGCAT CCAAATCAGC 

51 (rrrOAGATT TGAGGCCrrG GAGA(TCAGG AGTTTTGAGA GCAAAATGAC 

101 AACACCCAGA AATTCAGTAA ATQGGACTTT OXm^ CCAATGAAAG 

151 GCtnAHGC TATGCAATCT GGTCCAAAAC CAaCTTCAG GAGGATGTCT 

201 TCXTOn^GG GCOXACGCA AAGCncn^C ATGAQQGAAT CTAAGACTTT 

251 GGQGQCTGTC CAGATTATGA ATGQQCTCTT CCACAHGCC aGGGQGGTC 

301 rraGATGAT CCCAGCAQGG ATCTATCaC CCATaCTGT GACTGTGTQG 

351 TACcaaa qqqgaoscat tatgtatatt atttccqgat cAacaoQc 

401 AQCAAOXJAG AAAAAaca GGAA(n^G17T GGTCAAAOGA AAAATGATAA 

451 TGAATOTT GAQCaon OCTQCCAm CTGGAATGAT TOn^^^ 

501 ATGGACATAC TTAATAnAA AATTTCCCAT TnTTAAAAA TGGAGA6TCT 

551 GAATTITATT AGAQCTCACA CACCATATAT TAACATATAC AAQGIGAAC 

601 CAQCTAATCC aaCAGAAA AACTCmi aACCCAATA aGHACAGC 

651 ATACAATQC TGTTCTTGQG OnnGTCA GTGATGCTGA TCnTQCCTT 

701 CnCCAQGAA CITGTAATAG aCQCATCGr TGAGAATGAA TGGAAAAGAA 

751 C(n^QCTCCAG ACCTAAAia AACATAGHC TCaGFCAQC ACAAGAAAAA 

801 AAAGAACAGA aAHGAAAT AAAAGAAGAA GTOGTTGGGC TAACTGAAAC 

851 ATCTTC(X:AA CX7V\AGAATG AAGAAGOT TGAAAHAH CCAATC^ 

901 AAGAQGAAGA AGAAlGAAACA GAGACGAACT TTCCAGAACC TCCOMIAT 

951 CAGGAATCCT (XCAATAGA AAATGACAQC TQCOTAAG TGAlTim 

1001 TGTnTCTGT TTailllll AAACAHAGT GHCATAQCT TCCAAGAGAC 

1051 ATGaCACTT TCATTTOTG AQGTACTCTG CACATACQCA CCACATCTCT 
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1101 ATaoQccrr tqcatggact gaccat/kjct ccnaacT tacattgaat 

1151 GTAGAGAATG TAGCCAHGT AGCAGOTGT CnGTCACGC nCTTCTTn 

1201 GAQCAACnr CTTACACTGA AGAAAQQCAG AATGAGTGCT TCAGAAT6TG 

1251 ATnOTACT A/mCTTCC TTOGATAQX TimACT^ 

1301 mCTCATTT TCTOATCAG CAACTAQQGA GA(n<X:m 

1351 ATATATGACT QCiraTGAC ATTCaAAAC TATCmrrr HAHCm 

1401 TaACGmr tqgtggagtc ccrmTATC atcotaaaa caatgatgca 

1451 AAAGQQCTTT AGAQCACAAT QGATa 
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1 CCCAMTGTC TCAGAATGTA T(n^Ca:AGAA mGT(m (mCAm 
51 TTGACAGTTT TQCTGCTGCT GGCTTCTGCA GOGTCMG CTGCAGCTCC 
101 CCCAAAQGa GTGCTGAAAC TTGAGCCCCC GTGGATCAAC GTGaCCAGG 
151 AGGOHCT GCraGACA TGCCAQGQQG CTCQCAGCCC TGAGAQCGAC 
201 TOIATrCAGT QGTTCCACAA TQQGAATCTC AmCOWXC )«X 
251 CAGCTACA(» TTCAAGGCCA ACAACAATGA CAOra 
301 AGACTGQCCA GACCAGOCTC AGCGACCHG TGCATaCAC TGTGCm^ 
351 GAATGQCTQG TGCT(X:AGAC OCTCACCTG GA6mOW» AQQG/yGAAA^ 
401 CATCATQCTG AGGTQCCACA GCraMJGA (MXraCTG CT 
451 CATTCnCCA GAATGGAAAA TCCCAGAAAT TCTCCCGTTT GGATCCCACC 
501 naOATCC CACAAQCAAA CCACAGTCAC AGTQGTGATT ACCACTGCAC 
551 AQGAAACATA QQCTACACGC TGTTCTaTC (Mmi(n(J ACCAT^ 
eOl mAGm CAGCAT(3Qtt AQOCTTO^C 
651 GIQGTCATO aOOGT AQCAQOCATT (nrOCT^ 
701 6A7CTACTCC AQGAAAAAOC GGATITCAX CAAiraiACT GATO^^ 
751 AGOnaCCA ATTTGAQOCA OTQGACGrC AAATCAT7QC 
801 /WACAAOT AAGAAACX:AA CAATGACTAT GAAACAQCT 
851 CA7GACTCTG AACCCCAGQ6 (XCTACTGA (»^TGATAAA 
901 TGACTCTTO: TOXMBAC aiGTOACA GTAATAACTA AAGACT 
951 HATGCCATG TGGICATACT CTCAQCrrOC TGAGTGGATG ACAAAAAGAG 
1001 GQGAATreTTAAAGGAAAATTTAAATOGWSACTGGAAAAATCaGAGCAA 
1061 ACAAAAOAC OQQCCCm GAAATAflCTT TAACT^ 
1101 ACACAAQCAA AACmCOS QGTCATACTA CATACAAQ^ 
1151 TTAAOm TCAmoa TAAATGCTTA TGTTAGAAAT AAGAC^ 
1201 CAGCCAATCA (MXIAQCCr ACTAACATAT AATTAGGI^ 
1251 ICTAAGAAGA TA(rrACCCC CAAAAAACAA nAT(n^AATr GAAAACCAAC 
1301 CGAnOCCTT TATTTTGCn CCACAimC O^WTAAATA CrrQCCTGTG 
1351 ACATnTGCC ACTQ6AAC AC TAAACTTCAT GAATTGCQCC TCAGATTHT 
1401 CCmAACAT CTirrrrm' mGACAGAG TCTCAATCTG TTACr^ 
1451 TOGAGTGCAG TO6TGCTATC TTOQCTOCr GC^^ 
1501 TAAGCGATTC TCATQOaa GCCTCCX7W3T AGCTQQGATT AGAQ^ 
1551 QCCATCATAC COWJCTAATT mCTATm nATTTTTTT TTrTTAGTAG 
1601 AGACAGGGTT TCQCAATGTT QGCCAQQCCG ATQCGAACT TCTQQCCra 
1651 AGCGATQGC CCGCCTCQGC CTCOAAAGT GCTGGGATGA CCAGaiCAG 
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1701 CCXmiGTC CAQCCTCTTT AACATOTCT HCQATGCC CTaaGTGG 

1751 ATCCCTACTG a«;maG OTTaCCAT QCTCWy^ACA AAAt(^ 

1801 n(XT(m ATa:AGTCX» AAQCTCXAGA A(yV^^^ 

1851 CA(MX:ACA TTAAGina AntnrnOC OTGOGAm GAGAAGAGW 

1901 TTAGAGA(xn^ GAQGATaa TAmcxTQG ACTAAAna orra^ 

1951 GAOGAAG»iA mOCAGTT a^^AAAGAGA AGGACTCm 

2001 TACCTCA6IC OMAQCia OGT^^ 

2051 CAAATl^ ACTGCAOCn CTCnQOaCA GC^ 

2101 TCTTacnC CACATO^O CAQCCAATAC AAHAGTOyA ACCAC^ 

2151 TTAACAGATG TAQCAACATC AGAAACQCTT ATOTACAGG TTACATGAGA 

2201 GCAATaiCT AAGICTATAT GACTTCAGAA ATCTTAAAAT AGACT^ 

2251 CTAACAACAA ATTAAAAGnPG ATT(mCAA GGTCAAAAAA 
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1 (XTGT(y\CTG aCTaiaG Q(X:a:(^CTC (XTCC/my\ GT(yVT(XX5M 
51 TCCTGTCATT CTTACCTGTC CTTGCCACTG AGAGTGACTG GQCTG/teToC 
101 AAGTCCCCCC AGCOTGOOG TCATATGOT CTGTGGACAG aCTGCTATC 

151 caGGcrca gttqctgqga cacqgcaqc tccoccaaag gctgtqctga 

201 mCGAGCC (lAGTGGATC AmOCrCC AGGAQGAaC TGTGACTCTG 

251 ACATQCCGQG GGCTCACAG aCTGAGAO: GACTOV^TrC AGTQGrrCCA 

301 CAATQQGAAT CTanCOiA CCCACAOXV^ GCCCAQCTAC AQG1T(M^ 

351 (TAACAACAA 7GACAQ0QG6 GA(n^ACACXn' GCCAGAaGG (XA^^ 

401 aCAQOGACC CTGTGCATCT GACTGTG(Tr TCTQGTCAGT.GGWXMX^ 

451 CCCAGQGTQG ACQGGGAGG QCCAGGA(X» ATGAAATCTG CnrCAQQCA 

501 GAQ6TTTGCA QGAAAQQQQG GrGQCCTQCT TAQGGGAAG TATCGCTGTG 

551 AGTTGCCrCA GCACATATCA GTGGTTGTTT TTGCCTCAGT TCTGATTGAA 

601 CAGAAGAAQG mCAAQQCC AAAAACAQX AGCCAAGTGT GA6AGAAGCA 

651 GAAQGAAATC (CTAcmi AAAAcaiATT mrmAA rax:A(y^ 

701 GAAAAQCACA GAa:ACAACr GAAmAX (XnayWW^TG ACT^ 

751 CM^TGATG MHCA™ AaXJfGAfiT Tmim TCACCm 

801 CGTOOtmC TAACGCCra CTOWAQQCT TnOCTGAGA AT^^ 

851 OCTGCCCa GCCXXXmr aiATQCCOT TCT(XAa5TT aCAQG^^ 

901 TAGGTGCICT TCTCTCrcrr TaCTTOT^C CAGCCTGTQG GAAAOT^ 

951 ATGAAAGIO; TGTOTACCC ATCmGTAT TTOIAGCATC TGAAACTG^ 

1001 CAGAQCrrAA TAAATAim GCTGGAGAGG HGATGATCT TACAAAGCrc 

1051 CCATIGAAAG CreOCTCTCT GTAAAQCAAA GTTACAATCA GAT^ 

1101 AACATRna moQcrrr TCACTTAff^ 

1151 CAAATm<X: TOAAACTAC AO«»\AACG AATCAC^ 

1201 GTTGCCmA GACCaOCTG GAAAGAAQCT (X:ACAmAT TAACATTCtt 

1251 GAAGTAAATT TATOWJGTAG CATTCATCAG GTAACAmC Tra>^ 

1301 ATGACrrrrC TACTGTCCAC AAAQQCATAT GTCCTTATCA TATGCQGACr 

1351 CCT(»jrCAC ACTGGAm TCmCCCTC CTCGACATCG AAG^ 

1401 ATCTTAQOGT CTCTTGTGn OTCaGCAG AQGCCTGTCG GQCAQGAAAA 

1451 QQCJQCm QCCTTCCTQG GAGAAQGAQG AGATGAGTGT ATCXTGAACA 

. 1501 CCTATrATCT QCTAfiQQQCT ATTGTAGATA CATGACACTA TCATQCTCAT 

1551 m(KGAAT GAGGAAACTG AQQCTCAGAA GACTTAAATT ATTTQOCCAA 

1601 GAGTTATAAA TGACAGAQCC AGCATTAGAG TCCAGGACTG TaGATTTCA 

1651 GACCTAAGCT GTTCraCTG CACATCGTGT CCCACCAGTA AGGAAGATCT 
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1701 QQGTCTCAGA QCTGAQCCAA GAOroa 

1751 TCTTTCAGAG TOOffiTQC raiACyW^ 

1801 GAGAMCXAT (mT(^ T(mCA(XT G6(M(Xy^ 

1851 AmCACAT TCrrCTAGM TQGAAAATa AA(y\AATm OX^ 

1901 TcccAAcm TceAToiAc AA(x:AAm a«n^^ 

1951 ACTGCACAQG AAACATAGX TACAOOGT /0:ATDCM m 

2001 ATCACTCno: AA(OCa7« acn^(mG ATOX^ 

2051 (Xn"COQQG ATTIXTGTAG CQimTTCT T(0(0(n^A 

2101 TCTACT<X:AG GAAAAAQCQG AmCAQGTT TCT/mCCT 

2151 7T1OTATCA GTrrcCACTT T 
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1 maxra QQCQcam (CTCcra:cG (rr«n^cra (ncQc^^ 
51 (nTC(ma: CTaa:AGTC cin^ocTaoG (^(ma: TGACc^ 

101 CCATCCAGAA CCACmaC CATGCAGAGA AAAACACTA^ 

151 (H^CACTCOG TTCmcmx: CAQCCAOGAC AGAAACra^ 

201 ACAGAGn-CA CTGAAAOJGA ATQCClTCCr TQCQGT(yW\ GCGAAHOT 

251 AGACA(CTQG AACAGAGAGA CACAQGCCA CXM:ACAAA TACTGC^^ 

301 CCAACXTAQG QCTTCQOGrc OWCAGAAGG QCACCT^ 

351 ATCTQCACCr GTCAAGAAGG OOa^GT ACGAGTGAQG CCrcn^ 

401 CliGTCTCCTC CACOQCraT GCT^^ 

451 CTACAOXJCr TICTCATACC ATCTOjGAQC 0^ 

501 mATcrcr cATcrarn- CGAAAAATGT omjm 

551 GACCAAAGAC CTQGmGC AACAGa>\GQC ACAAACAAGA 

601 CTGTOGTOr CAQGATCQX TGAGAQOCCT GGTQGTGATC aXATaia 

651 TCQQGATCCT GTTTQCXIATC aCTTOGrGC TQGTCTTTAT DWWm^ 

701 GCCAA6AAGC (mAATAA QQCCCCCCAC CCCAAGCAGG AAC^ 

751 GATCAATm C0CG«C3GATC TlOnaOC (MTCrOCT 

801 AGGAGACTTT ACATXATX OWXQGTa CCCAGGAQGA TGQC^^ 

851 AGTCGCAICT CA6TQCAQGA GAGACAGR^^ GajQCAOr ACC^ 

901 GTOQCCAan- GQQCAAACAG QCAGrrOQCC AGAGAQCCTG GTIOQ^ 

951 TO^GGOGTC CAQQCAGAAG (BQQGAGCTA TGCCC^ 
CTC 



f 



FIG. 17 



